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^  This  report  presents  an  economic  evaluation  of  the  likely  performance  of  a  Helicopter 
Lidar  Bathymeter  System  (HUBS),  which  is  being  developed  through  an  international 
agreement  between  the  United  States  and  Canada.  Optech,  Inc.,  is  developing  the  HLBS 
system,  and  the  US  Army  Engineer  Waterways  Experiment  Station,  Coastal  Engineering  Researc 
Center,  is  directing  the  overall  development  program. 

The  HLBS  is  being  designed  to  operate  out  of  a  medium-sized  commercial  helicopter 
(such  as  a  Bell  212)  at  approximately  200-m  altitude.  The  system  will  generate  a  laser 
scan  width  of  about  100-m  wide  and  fly  at  speeds  ranging  from  a  few  knots  to  75  knots. 
Because  of  this  significant  increase  in  coverage  rate,  the  system  has  potential  to  provide 
cost  savings  to  the  US  Army  Corps  of  Engineers.  The  report  provides  details  and  results 
of  the  economic  feasibility  analysis.  ‘  " 
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Introduction 


The  following  pages  present  an  evaluation  of  the  likely  economic  performance  of 
the  Helicopter  Lidar  Bathymeter  System  (HLBS)  under  development  for  the  U.S.  Army 
Corps  of  Engineers  (USACE)  by  Optech,  Incorporated  of  Ontario,  Canada.  The  HLBS 
employs  a  laser  measuring  device  (Lidar),  ground  positioning  systems,  and  data  acquisi¬ 
tion  and  processing  systems  to  conduct  hydrographic  surveys  with  a  degree  of  accuracy 
suitable  for  Class  II  and  Class  HI  USACE  surveys.  The  system  will  operate  on  a  Bell  B- 
212  helicopter  chartered  from  a  commercial  operator.  The  Coastal  Engineering  Research 
Center  (CERC),  which  has  the  responsibility  for  directing  and  overseeing  this  project  for 
the  USACE,  has  received  a  conceptual  design  report  from  Optech  and  now  faces  a  deci¬ 
sion  of  whether  to  contract  for  the  development  of  the  operational  prototype.  The 
analysis  reported  herein  relies  on  the  Optech  document  for  information  on  the  perform¬ 
ance  of  this  system.  A  separate  assessment  of  the  technical  merits  of  HLBS  under  CERC 
direction  parallels  this  effort. 

According  to  the  Office  of  the  Chief  of  Engineers,  USACE  contracts  for  or  per¬ 
forms  in-house  over  $30  million  worth  of  Class  II  and  Class  III  surveys  during  a  typical 
year.  However,  a  survey  of  Corps  field  offices  shows  that  only  a  small  proportion  of 
these  may  have  potential  for  HLBS  use.  The  ultimate  benefit  of  HLBS  to  the  Corps 


depends  on  the  annual  volume  of  current  survey  projects  which  can  be  conducted  using 
HLBS  and  the  level  of  cost  savings  achieved. 


This  economic  analysis  assumes  that  the  Corps  will  invest  $5.55  million  in  the 
Optech  system  over  the  next  three  fiscal  years  and  that  two  years  will  pass  before  the 
HLBS  will  be  ready  to  conduct  operational  missions.  (The  HLBS  will  survey  a  number 
of  projects  during  the  formal  test  program  but  savings  from  these  have  not  been  includ¬ 
ed  in  this  economic  analysis.)  r 
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The  analysis  seeks  to  answer  the  question:  "Would  USAGE  receive  a  positive 
return  from  contracting  surveys  to  the  private  firms  owning  an  HLBS?"  This  is  referred 
to  as  the  Contractor-owned/Contractor-operated  scenario  (Co/Co).  The  analysis  ad¬ 
dresses  six  variations  of  this  basic  scenario  including  one  that  asks:  "Would  USACE 
receive  a  positive  economic  return  contracting  with  private  firms  to  operate  the  gov¬ 
ernment-owned  operational  prototype  HLBS?"  This  is  referred  to  as  the  government- 
owned /contractor-operated  scenario  (Go/Co). 

If  the  economic  analysis  shows  that  I TSACE  lost  money  under  all  of  these  «3\.ena- 
rios,  then  one  would  question  the  economic  worth  of  HLBS  to  the  Corps.  If,  however, 
the  program  lost  money  under  some  scenarios  and  not  others,  then  other  factors  would 
have  to  be  weighed  in  order  to  reach  a  decision.  If  all  scenarios  show  a  positive  return, 
then  the  system  is  more  likely  to  provide  the  Corps  with  a  long-term  economic  benefit. 

Principal  Findings 

The  economic  analysis  of  HLBS  includes  the  following  findings: 

o  A  Contractor-owned/Contractor-operated  HLBS  should  allow  the  Corps  to 

provide  Class  II  and  Class  HI  hydrographic  surveys  at  a  lower  cost  than 
today. 

o  The  Government-owned/Contractor-operated  operational  prototype  HLBS 
will  provide  a  positive  return  on  the  Corps'  investment. 

o  The  economic  analysis  is  most  sensitive  to  annual  mission  hours  and 

acquisition  cost.  In  particular,  acquisition  costs  are  most  important  when 
annual  mission  hours  are  low. 

o  The  potential  savings  from  HLBS  are  greatest  when  a  number  of  projects 
and  missions  are  conducted  together.  This  minimizes  the  influence  of 
mobilization /demobilization  on  total  costs. 

Economic  Evaluation  of  the  HLBS 

The  Net  Present  Value  Technique 

The  accepted  technique  for  evaluating  the  worth  of  investments  which  last  longer 
than  a  single  year  is  a  net  present  value  (NPV)  or  discounted  cash  flow  analysis.  In 
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cases  such  as  HLBS,  the  government  will  expend  funds  over  a  period  of  years  to  devel¬ 
op  the  system  while  achieving  operational  savings  during  later  years.  Similarly,  a 
commercial  operator  would  buy  the  system  with  an  initial  payment  and  then  use  it  for  a 
number  of  years,  receiving  some  positive  cash  flow  on  account  of  its  use.  In  cases  such 
as  these,  one  should  recognize  that  the  investment  and  operating  savings  occur  in  dif¬ 
ferent  time  periods.  Money  has  a  time  value:  a  dollar  today  is  worth  more  than  a  dollar 
in  the  future,  since  it  could  earn  interest.  The  NPV  technique  considers  the  time  value  of 
money. 

The  NPV  technique  brings  all  cash  flows  back  to  the  present  using  a  discount  rate 
which  reflects  the  potential  alternative  uses  for  the  money.  By  bringing  all  cash  outlays 
and  cash  savings  back  to  the  same  point  in  time,  one  can  determine  whether  an  invest¬ 
ment  is  worthwhile  or  whether  it  is  the  better  of  several  investments.  In  the  context  of 
HLBS,  cash  outlays  refer  to  the  expenses  incurred  to  buy  and  operate  HLBS,  while  cash 
savings  refer  to  money  not  spent  to  conduct  conventional  surveys.  An  NPV  greater 
than  zero  means  that  USACE  would  save  money  by  investing  in  HLBS  technology. 

A  key  parameter  in  the  NPV  analysis  is  the  discount  rate  chosen  to  reflect  the 
opportunity  cost  of  the  money  invested.  The  Office  of  Management  and  Budget  (OMB) 
prescribes  a  discount  rate  of  ten  percent  in  the  evaluation  of  government  projects. 

Annualized  Costs 

When  private  sector  firms  invest  in  assets,  they  too  must  earn  a  return  on  their 
investment.  However,  such  firms  cannot  borrow  at  rates  as  low  as  the  government, 
must  pay  taxes  on  their  profits,  and  have  to  consider  the  riskiness  of  their  investmenl- 
or  the  chance  that  the  investment  will  not  work  out  as  planned.  The  HLBS  would  con¬ 
stitute  a  very  large  investment  for  those  firms  and  they  take  the  chance  that  project 
work  may  not  be  forthcoming  in  sufficient  volumes  to  support  this  investment.  Recall 
that  energy  exploration  in  the  U.S.  has  substantially  fallen  in  the  last  few  years. 
Companies  that  had  invested  in  equipment  to  perform  support  work  have  had  to  sell  off 
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the  equipment  at  <x  loss  or  perhaps  gone  out  of  business.  To  keep  an  investment  in  the 
HLBS  analogous  to  an  investment  of  similar  risk,  this  analysis  uses  a  25-pereent  dis¬ 
count  rate  to  amortize  the  commercial  operators'  purchase  of  the  HLBS  and  associated 
equipment.  The  amortization  rate  converts  a  large  initial  investment  into  a  stream  of 
annual  payments. 

Estimating  Prices  for  a  Contractor-Owned  HLBS 

The  following  describes  how  the  analysis  estimates  the  price  commercial  firms 
would  charge  for  HLBS  services.  These  prices  incorporate  both  the  cost  of  performing 
the  HLBS  surveys  and  the  normal  profits  earned  from  this  work  assuming  that  competi¬ 
tive  conditions  prevail  in  the  market  for  contract  hydrographic  surveys.  As  shown 
below,  these  costs  consist  of  helicopter  charges,  salaries  and  overhead  for  the  contract 
laser  and  ground  crew,  the  per  diem  allowances,  the  ground  transportation  for  setting 
up  ground  stations,  post  processing,  and  HLBS  maintenance.  On  top  of  this,  the  amor¬ 
tized  cost  of  the  investment  is  allocated  across  the  different  missions,  assuming  an 
annual  contract  of  150  mission  hours.  The  amortization  rate  of  25  percent  includes  a 
normal  profit.  The  cost  savings  to  the  Corps  result  from  differences  in  the  expected 
conventional  survey  costs  and  the  estimated  contractor  price  for  the  same  mission. 

They  represent  the  net  annual  benefits  to  Corps  from  HLBS  operation.  Using  the  OMB- 
prescribed  discount  rate  of  ten  percent,  this  stream  of  benefits  has  been  discounted  to 
the  present  year,  revealing  the  "Net  Present  Value  in  1989  to  USACE”  shown  in  the 
tables. 

Missions  Evaluated 

The  economic  analysis  estimates  the  savings  which  would  accrue  from  using 
HLBS  to  perform  six  specific  survey  missions  selected  in  consultation  with  CERC.  They 
include  the  following: 

o  Cape  Cod  Canal  along  with  two  small  projects  in  the  immediate  area; 


4 


o  Delmarva  Peninsula  in  Virginia-approximately  70  miles  of  the  inland 
waterway; 

o  Florida  Intracoastal  Waterway— approximately  140  miles  of  waterway 
along  the  west  coast  of  Florida  along  with  Tampa  Harbor  and  several 
other  projects; 

o  A  total  of  37  harbors  and  inlets  along  the  Maine  Coast; 

o  New  Jersey  Intracoastal  Waterway— 110  miles  of  waterway  along  coastal 

New  Jersey; 

o  Miami /Hollywood  Area— a  condition  survey  of  ten  miles  of  beachfront  in 

Miami,  four  Florida  harbors,  and  the  harbor  in  San  Juan,  Puerto  Rico. 


Scenarios  Evaluated 

The  base-case  scenario  of  the  economic  analysis  treats  all  six  of  these  missions  as 
having  been  conducted  independently  of  one  another.  This  means  that  each  mission 
bears  separate  niobilization/demobilization  costs  for  the  IILBS  and  helicopter.  The 
analysis  also  considers,  however,  pairing  the  six  missions  into  three  groups  (division¬ 
wide  scenario)  and  then  treating  all  six  missions  as  a  single  unit  (Corps-wide  scenario) 
The  analysis  also  considers  different  ownership  scenarios  and  the  use  of  various  types  of 
positioning  systems.  These  scenarios  include: 

1.  Contractor-owned /Contractor-operated  (Co/Co):  Separate  projects  with 

UHF  Trisponder. 


2. 

3. 

4. 

5. 

6. 


Co/Co:  Division-wide  with  UHF  Trisponder. 

Co/Co:  Corps-wide  with  UHF  Trisponder. 

Co/Co:  Separate  projects  with  two-dimensional  GPS. 

Co/Co:  Separate  projects  with  three-dimensional  GPS. 

Government-owned/Contractor-operated  (Go/Co):  separate  projects 
with  UHF  Trisponder. 


Critical  Assumptions 

Because  of  the  unproven  nature  of  HLBS  technology,  a  number  of  assumptions 
had  to  be  made  about  relevant  technical  and  economic  parameters.  The  most  important 
of  these  are  as  follows: 
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o  The  HLBS  would  require  a  Corps  investment  of  $5.55  million  which  in¬ 
cludes  all  software,  data  processing  equipment  and  initial  provisions  of 
spare  parts.  The  system  would  operate  for  seven  years  and  would  have 
no  value  at  the  end  of  this  period. 

o  Annual  system  maintenance  costs  per  year  would  be  five  percent  of  the 
HLBS  commercial  acquisition  costs  of  $2.75  million  or  $137,500  per  year. 

o  In  the  Co/Co  scenarios,  the  HLBS  would  operate  for  150  hours  per  year  to 
complete  Corps  surveys.  This  equates  to  about  $2.8  million  worth  of  exist¬ 
ing  Corps  surveys  using  conventional  techniques. 

o  The  Go /Co  scenario  assumes  an  increasing  level  of  contracted  missions 
rising  from  $900,000  in  1991  to  $8.6  million  in  1995  and  thereafter. 

o  A  B-212  helicopter  would  be  chartered  for  $3,000  per  day  and  $660  per 
flight  hour.  This  price  includes  two  pilots  and  a  mechanic. 

o  The  helicopter  lessor  will  take  two  days  to  install  and  remove  the  HLBS 
and  it  will  take  two  days  and  sixteen  flight  hours  to  travel  to  and  from  the 
mission  area. 

o  The  helicopter  operates  at  a  speed  of  20  knots  and  an  altitude  of  200 

meters  when  gathering  data.  This  geometry  produces  a  swath  width  of 
approximately  350  feet  having  a  spot  spacing  of  less  than  five  meters 
along  the  line  of  flight.  A  swath  width  of  300  feet  was  used  in  the  analysis 
of  the  missions  to  allow  for  a  margin  of  error.  The  helicopter  flies  at  100 
knots  when  not  gathering  data  (deadhead). 

o  The  helicopter  must  land  at  an  airport  supplying  Jet-A  fuel  within  a  two- 
and-one-half  hour  flight  time,  while  conducting  surveys. 

o  The  HLBS  survey  crew  consists  of  four  persons.  This  provides  two  people 
to  operate  the  HLBS  in  the  helicopter  and  two  persons  responsible  for  tne 
placement  of  ground  positioning  systems  and  tide  gauges. 

o  Each  hour  of  data  gathered  will  require  two  people  working  five  hours 

each  to  prepare  the  survey  products.  (In  the  case  of  3-D  GPS  ground  stations, 
a  six-to-one  ratio  would  apply.) 

o  An  additional  15  percent  of  mission  and  post  processing  costs  were  used 
to  accommodate  for  potential  inefficiencies. 


Co/Co:  Separate  Missions  with  UHF  Trisponder 

This  section  examines  one  mission,  the  Florida  Intracoastal  Waterway,  in  detail 
and  then  presents  the  findings  of  the  other  missions. 
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The  Florida  Intracoastal  Waterway  Mission 

Table  1  shows  the  projects  included  in  the  analysis  of  the  Florida  Intracoastal 
Waterway  mission.  This  mission  consists  of  a  number  of  small  projects  along  the  west 
coast  of  Florida,  a  140  mile  segment  of  the  Intracoastal  Waterway,  and  a  major  project  at 
Tampa  Harbor.  The  expected  conventional  costs  for  this  scenario  are  approximately 
$175,500  per  year.  Table  1  also  shows  the  survey  days,  additional  ground  days  and 
flight  times  for  the  mission.  The  helicopter  flies  deadhead  when  it  is  not  collecting  data. 

Table  2  shows  the  basic  assumptions  used  for  the  HLBS  analysis.  These  include  a 
commercial  HLBS  price  of  $2.75  million  along  with  a  UHF  ground  positioning  system 
and  tide  gauges  which  cost  $200,000.  This  table  also  includes  other  relevant 
parameters.  Table  3  shows  the  derivation  of  the  annual  HLBS  operating  costs  of  $58,731 
for  this  mission.  Most  of  these  costs  result  from  the  daily  and  hourly  use  charges  for  the 
helicopter.  Figure  1  shows  the  areas  surveyed  in  Tampa  Bay  on  Day  3  of  the  mission. 

All  Missions 

Table  4  shows  the  six  missions  considered  in  the  study  along  wi'h  their  expected 
conv  acua  1  survey  costs,  the  IT1  BS  opemhng  rosts  Der  mission,  number  of  survey 
hours  and  HLBS  days  required,  and  the  contractor  price  for  performing  each  mission. 
This  scenario  assumes  separate  mobilization  and  demobilization  for  each  mission.  The 
price  per  mission  is  based  on  estimated  HLBS  operating  cos's  and  a  75  percent  return  on 
investment  to  the  contractor  based  on  150  productive  mission  hours  per  yeai.  Table  5 
shows  how  the  net  present  value  is  calculated  based  on  a  commercial  HLBS  costing 
$2.75  million  and  annual  maintenance  costs  of  five  percent  of  this  acquisition  costs.  The 
net  annual  benefit  used  in  calculating  the  net  present  value  arise  from  the  $208,944  dif¬ 
ference  between  the  total  expected  conventional  cost  and  the  total  price  per  mission. 

This  figure  has  been  raised  to  reflect  a  benefit  level  equivalent  to  150  hours  of  HLBS 
survey  work.  In  this  scenario,  the  net  present  value  to  the  Corps  is  approximately 
$3,185,207. 
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Table  I .  Project  Description  of  FL1WW  Mission 
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Table  2.  Basic  Assumptions 

Co/Co  Scenario 

Positioning  System  (UHF);  Separate  Projects 
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Table  3.  Operating  Costs  per  Mission 


Co/Co  Sceaano;Separate  Projects 
Positioning  System  (UHF) 

Mission:  FL-IWW  OPERATING  COSTS  PER  MISSION 


HELICOPTER  COSTS 

Assumptions 

Mission  Totals 

Helicopter  Lease  Cost  (Fixed) 

$3,000 

Helicopter  Lease  Cost  ($/Flt.Hr) 

$660 

Helicopter  Ferry  &  Set  Up  (Days) 

4 

$12,000 

Helicopter  Ferry  Flight  Hours  (RT) 

16.00 

$10,560 

Number  of  Mission  Days — Hlcptr  Crew 

3 

$9,000 

Helicopter  Mission  Flight  Hours 

18.4 

$12,137 

Travel  &  Per  Diem  (Per  Prsn/Oay) 

$70 

$1 ,470 

Total  Helicopter  Costs 

$45,167 

LASER  CREW  COSTS 

Number  of  Mission  Days — Laser  Crew 

3 

Tech  Laser  Crew  (Nmbr  &  Avg  Price) 

2  $312.5 

$1,875 

Travel  &  Per  Diem  (Per  Prsn/Day) 

$70 

$420 

Total  Laser  Crew  Cost 

$2,295 

OTHER  COSTS 

Number  of  Mission  Days — Ground  Crew 

3.5 

Ground  Crew  (Nmbr  &  Avg  Price) 

2  $275 

$1,925 

Travel  &  Per  Diem  (Per  Prsn/Day) 

$70 

$490 

Ground  Transportation 

$50 

$350 

Number  of  Survey  Hours 

14.85 

Post  Processing  (Technician  $/Hr) 

$38 

$5,567 

Efficiency  Factor 

15.0% 

$2,937 

(%  Helicopter  Flight,  Laser  Crew 

Total  Other  Costs 

$11,269 

TOTAL  OPERATING  COSTS  PER  MISSION  $58,731 
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Table  4.  Summary  of  Costs  and  Prices 

Co/Co  Scenario  Separate  Projects 
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Table  5.  Net  Present  Value  to  USACE 
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Figure  1 


TAMPA  BAY 
Day  3 
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Other  Scenarios 


The  analysis  also  examined  the  benefits  to  the  Corp  from  various  levels  of 
mission  aggregation,  alternative  ground  positioning  systems  and  from  the  government 
prototype  HLBS. 

Mission  Aggregation 

Figure  2  compares  the  net  present  values  in  1989  of  various  HLBS  mission  scena¬ 
rios  based  on  varying  levels  of  aggregation.  For  example,  it  shows  that  a  Contractor- 
owned /Contractor-operated  system  conducting  the  six  separate  missions  would  pro¬ 
duce  a  net  present  value  of  savings  of  approximately  $3,185,207  for  the  Corps.  These 
results  are  based  on  150  hours  of  HLBS  use  per  year  and  a  system  cost  of  $2.75  million. 
The  net  present  value  increases  substantially  as  the  six  individual  missions  are  grouped 
at  the  division-level  and  then  again  at  the  Corps  level.  These  gains  occur  because  fewer 
mobilizations /demobilizations  occur  when  missions  are  aggregated. 

Alternative  Ground  Positioning  Systems 

Figure  3  shows  changes  in  the  NPV  for  a  Contractor-owned /Contractor-operated 
HLBS  conducting  the  six  separate  missions  using  various  ground  positioning  systems: 
UHF  Trisponder,  two-dimensional  GPS  or  three-dimensional  GPS.  It  can  be  seen  that 
the  economic  analysis  results  are  relatively  insensitive  to  the  choice  of  positioning 
system.  This  occurs  because  the  UHF  Trisponder  has  a  low  per  unit  cost.  Even  with  a 
dozen  automatic  tide  gauges,  the  equipment  acquisition  for  this  method  would  cost  only 
$200,000  at  1989  price  levels.  The  real  savings  might  occur  with  the  three-dimensional 
GPS  system,  which  does  not  need  separate  tide  gauges.  This  would  greatly  reduce  the 
effort  required  to  survey  the  Maine  mission.  Nevertheless,  because  the  three-dimen¬ 
sional  GPS  system  requires  more  post-processing  time,  the  gains  from  the  tide  gauge 
advantage  are  all  but  negated. 
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Figure  2 

Comparison  of  HLBS  Scenarios 
)v  Level  of  Mission  Aaareaaatior 
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Note:  All  scenarios  Contractor-Owned/Contractor  Operated  with  UHF  positioni 


Figure  3 

Comparison  of  HLBS  Scenarios 
by  Type  of  Ground  Positioning  System 
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Note:  All  scenarios  Contractor-Owned/Contractor  Operated  as  separate  missions. 


Government-Owned  / Contractor-Operated  HLBS 

Table  6  shows  the  economic  analysis  results  for  the  government-owned /contrac¬ 
tor-operated  (Go/Co)  scenario.  It  shows  the  missions  included,  the  expected  conven¬ 
tional  survey  costs  and  the  HLBS  operating  costs.  The  net  operating  benefit  is  the  dif¬ 
ference  between  the  cost  of  conducting  the  survey  with  conventional  means  and  the  cost 
of  the  survey  using  HLBS.  Table  7  shows  the  net  present  value  to  the  Corps  of  the 
Go /Co  scenario.  This  is  based  on  a  recovery  of  all  Corps  costs  for  the  development 
program  and  assumes  seven  years  of  operation  thereafter  conducting  Corps  survey 
missions  under  operation  by  a  private  contractor.  The  net  annual  benefit  has  been 
increased  to  account  for  increasing  numbers  of  HLBS  missions  USACE  will  put  under 
contract.  (The  Co/Co  scenario,  conversely,  assumes  a  fixed  contract  equivalent  to  150 
mission  hours.)  The  net  present  value  to  the  Corps  from  this  scenario  is  $6,650,869. 

Sensitivity  Analysis 

This  section  shows  how  the  economic  analysis  results  change  under  different 
assumptions  regarding  methods  of  operation  and  costs.  The  sensitivity  analysis  uses 
the  Co/Co:  Separate  Projects  with  UHF  Trisponder  scenario.  Figure  4  shows  how  the 
net  present  value  changes  using  a  helicopter  lease  cost  of  $3,000  per  day  and  various 
levels  of  HLBS  acquisition  costs  and  annual  mission  hours.  At  150  hours  of  use  per 
year,  the  Co/Co  HLBS  breaks  even  at  an  acquisition  cost  of  $5  million.  One  reason  for 
the  importance  of  increased  utilization  can  be  seen  in  Figure  5  which  shows  the  alloca¬ 
tion  of  amortized  acquisition  and  maintenance  costs  per  hour  at  various  levels  of  annual 
mission  hours.  For  example,  these  costs  fall  in  half  from  $10,707  per  hour  at  100  hours 
of  use  to  $5,192  at  200  hours  of  use.  As  the  number  of  mission  hours  increase,  the 
annual  cost  per  mission  hour  decrease. 
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Table  6.  Summary  of  Costs  and  Prices 

Go/Co  Scenario  Separate  Projects 

With  UHF  Trisponder  Ground  Positioning  System 
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Figure  4 

Net  Present  Value  of  HLBS  to  USACE 

Helicopter  Lease:  $3,000  Per  Day 
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Mission  Hours  —  Co/Co 


The  World  Market  for  HLBS  Technology 

The  commercial  viability  of  HLBS  will  depend  ultimately  on  the  following  two 
factors: 

o  The  cost  savings  produced  by  HLBS  in  comparison  to  conventional 
surveys;  and 

o  The  size  of  the  market  for  which  HLBS  can  produce  acceptable  survey 
results. 

This  study  shows  the  likely  cost  savings  that  can  be  achieved  by  the  Corps  if  it  used 
HLBS  for  specific  survey  missions.  HLBS  has  a  broad  potential  application.  For  exam¬ 
ple,  many  near-shore  areas  and  inland  waterways  from  coastal  Maine  to  Florida  appear 
to  be  suitable  for  HLBS  surveys  during  certain  times  of  the  year.  Similar  results  are 
projected  for  the  Gulf  of  Mexico  from  Key  West  to  Galveston.  Areas  of  the  Great  Lakes, 
Alaska  and  the  Pacific  Coast  also  appear  to  be  surveyable  with  HLBS.  In  all  these  areas, 
the  relevant  market  includes  not  only  Corps  surveys,  but  also  work  by  federal,  state  and 
local  government  agencies  as  well  as  by  the  private  sector. 

There  are  many  other  areas  of  the  world  which  ultimately  may  provide  a  market 
for  HLBS.  Prior  studies  have  identified  areas  of  the  Caribbean,  the  Arctic  and  the  coast¬ 
al  waters  of  Southeast  Asia  and  Australia  as  having  a  high  potential  for  HLBS.  Surveys 
in  these  areas  are  currently  conducted  by  the  U.S.  and  foreign  governments  and  the 
private  sector. 
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CONVERSION  FACTORS,  NON-SI  (METRIC) 
UNITS  OF  MEASUREMENT 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI  (metric) 
units  as  follows: 


Multiply 

By 

To  Obtain 

fathoms 

1.8288 

metres 

feet 

0.3048 

metres 

inches 

2.54 

centimetres 

knots  (international) 

0.5144444 

metres  per  second 

miLes  (US  nautical) 

1.852 

kilometres 

miles  (US  statute) 

1.609347 

kilometres 

pounds  (mass) 

0.4535924 

kilograms 

square  miles 

2.589998 

square  kilometres 
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Chapter  1 
INTRODUCTION 


This  report  has  been  prepared  for  the  U.S.  Army  Corps  of  Engineers  Coastal 
Engineering  Research  Center  (CERC)  by  Gellman  Research  Associates,  Incorporated 
(GRA)  under  subcontract  to  Evans-Hamilton,  Incorporated.  It  presents  preliminary 
results  of  an  economic  evaluation  of  a  proposed  Helicopter  Lidar  Bathymeter  System 
(HLBS)  which  is  under  development  for  CERC  by  Optech,  Incorporated  of  Toronto, 
Canada.  The  technical  details  of  the  HLBS  are  reported  in  a  document  prepared  by 
Optech,  Inc.,  which  describes  the  system.^  This  system  is  designed  to  produce  hydro- 
graphic  survey  data  with  a  level  of  precision  suitable  for  Class  2  and  Class  3  hydro- 
graphic  surveys  currently  performed  using  a  variety  of  conventional  survey  techniques 
for  the  Corps  of  Engineers.  Such  surveys  are  performed  on  either  an  in-house  or  a 
contract  basis  for  Corps  district  and  division  offices  nationwide. 

1.1  Purpose  of  the  Study 

This  study  should  determine  whether  the  HLBS  will  offer  decreased  costs  or 
increased  productivity  for  current  survey  missions.  This  economic  feasibility  study  of 
the  HLBS  will  provide  CERC  with  information  necessary  to  determine  whether  continu¬ 
ation  of  the  research  project  with  Optech  provides  sufficient  economic  benefits.  CERC 
has  received  findings  from  other  studies  assessing  the  technical  merits  of  HLBS.  This 
economic  analysis  assumes  that  the  HLBS  can  produce  data  at  a  level  of  accuracy  suit¬ 
able  for  Class  2  and  Class  3  survey  missions.  In  addition,  it  is  assumes  that  the  laser 
system  will  be  designed  and  operated  to  cause  no  environmental  problems  even  when 

1  Optech,  Incorporated,  Helicopter  Lidar  Bathymeter  System  Conceptual  Design 
Report,  prepared  for  U.S.  Army  Waterways  Experiment  Station  under  Contract  No. 

D  ACW  39-88-C-0038,  December  1988. 
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operated  over  populated  areas.  All  assumptions  regarding  the  technical  performance  of 
HLBS  are  as  stated  in  the  December,  1988,  Optech  report.  In  cases  where  the  Optech 
document  does  not  provide  necessary  information,  this  report  notes  the  explicit  assump¬ 
tions  used  regarding  such  issues. 

1 .2  Scope  of  the  Review 

The  general  approach  to  the  economic  analysis  seeks  to  provide  information  on 
the  following  question: 

o  Whatpotential  savings  could  the  Corps  achieve  on  current  missions  were 
the  HLBS  available  from  commercial  firms  for  contract  survey  work? 

The  study  considers  whether  application  of  HLBS  technology  in  commercial 
production  would  provide  sufficient  savings  to  warrant  private  sector  investment  in 
these  systems.  Information  on  this  question  provides  the  Corps  of  Engineers  with 
insights  as  to  whether  commercial  firms  would  acquire  such  equipment  for  contract 
survey  missions.  By  estimating  the  prices  contract  firms  would  charge  to  conduct  HLBS 
surveys,  the  analysis  estimates  the  cost  savings  to  USACE. 

The  analysis  also  considers  the  dollar  benefit  over  a  seven  year  period  which  will 
accrue  to  USACE  from  contractor  operation  of  the  prototype  HLBS  for  Corps  survey 
missions. 

The  HLBS  currently  under  development  by  Optech  for  CERC  can  be  considered  a 
technology  demonstration  program.  At  present,  there  is  only  one  Airborne  Lidar 
Bathymetry  System  in  operation  in  North  America:  the  "Larsen  500”  system  operated 
by  the  Canadian  Government  in  a  DC-3  fixed-wing  aircraft.  Preliminary  analyses  by  the 
Corps  of  Engineers  indicate  significant  potential  savings  from  the  operation  of  HLBS. 
However,  the  unproven  nature  of  this  technology  requires  a  demonstration  of  the  tech¬ 
nical  and  economic  feasibility  of  an  HLBS  in  actual  survey  missions  prior  to  its  commer¬ 
cialization.  (The  Canadian  Government  is  also  contributing  funds  to  this  development 
program.) 
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The  Corps  of  Engineers  has  provided  information  on  the  potential  for  HLBS 
application,  frequency  of  surveys,  location  and  cost  for  conventional  survey  missions 
currently  conducted  by  the  Corps.  This  study  estimates  costs  for  performing  the  same 
missions  using  the  HLBS.  For  the  ContTactor-owned /Contractor-Operated  (Co/Co) 
scenario,  the  study  estimates  the  price  of  conducting  surveys  using  HLBS.  This  is  based 
on  recovering  all  capital  and  operating  costs  and  a  return  on  the  commercial  firm's 
investment  in  the  HLBS.  The  benefit  to  the  Corps  in  this  scenario  is  the  present  value  of 
the  difference  between  the  cost  of  these  surveys  currently  and  the  likely  price  that 
would  be  charged  by  the  commercial  survey  firm.  In  the  case  of  the  prototype  HLBS, 
the  study  assumes  that  it  is  a  government-owned  system  operated  under  contract  by  a 
commercial  survey  firm  (Go/Co)  using  a  chartered  helicopter  as  an  equipment  plat¬ 
form.  The  benefit  to  the  Corps  in  this  scenario  is  the  present  value  of  the  difference  in 
cost  between  conventional  survey  methods  and  HLBS  costs  including  the  CERC  funding 
provided  for  the  HLBS  prototype.  This  question  is  answered  by  considering  the  aggre¬ 
gate  annual  value  of  Corps  of  Engineers  survey  missions  and  the  potential  cost  savings 
from  use  of  HLBS. 

This  report  includes  several  sensitivity  analyses  conducted  to  investigate  how 
mission  aggregation  as  well  as  alternative  ground  positioning  systems  affect  HLBS 
economics  and  the  applicability  of  fixed-wing  aircraft  to  perform  airborne  laser  bathym¬ 
etry  missions.  In  addition,  the  sensitivity  analysis  considers  the  changes  in  cost  based 
on  the  effect  of  different  helicopter  leasing  periods  on  mission  costs,  the  effect  of  differ¬ 
ent  HLBS  annual  utilization  levels  on  mission  costs,  and  other  parameters. 

1.3  Organization  of  the  Report 

Chapter  2  contains  a  discussion  of  the  approach  and  methodology  used  in  the 
economic  analysis  of  HLBS  and  the  development  of  conventional  survey  cost  data.  It 
also  describes  the  cost  model  developed  for  use  in  the  study.  Chapter  3  contains  an 
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analysis  of  the  economics  of  using  HLBS  to  perform  actual  Corps  survey  missions  in 
relation  to  the  cost  of  conventional  technology  for  each  of  the  six  scenarios.  Chapter  4 
examines  the  sensitivity  of  the  baseline  economic  results  to  changes  in  key  assumptions 
Chapter  5  discusses  other  issues  relevant  to  the  Corps  decisions  regarding  HLBS  tech¬ 
nology  such  as  the  potential  size  of  the  worldwide  market. 

Appendices  A  through  F  contain  discussions  on  the  individual  survey  missions. 
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Chapter  2 

ECONOMIC  ANALYSIS  APPROACH 


This  chapter  describes  the  assumptions  and  methodology  used  to  conduct  the 
economic  evaluation  of  the  Helicopter  Lidar  Bathymeter  System  (HUBS).  It  discusses 
the  sources  of  data  on  conventional  survey  cost  (conventional  survey  as  used  in  this 
report  means  those  conducted  or  contracted  by  Corps  field  offices  today)  by  briefly 
explaining  the  key  elements  involved  in  conducting  these  surveys.  The  second  section 
discusses  the  development  of  the  theoretical  costs  of  using  HLBS  for  survey  missions. 
The  final  section  discusses  the  structure  of  the  cost  model  used  in  the  economic  analysis. 

2.1  Conventional  Survey  Cost 

In  August,  the  Corps  of  Engineers  administered  a  survey  of  its  field  offices  which 
conduct  hydrographic  surveys.  The  cover  letter  described  the  HLBS  and  suggested 
parameters  which  would  guide  whether  a  project  could  potentially  be  surveyed  using 
the  Lidar  system.  This  poll  of  the  field  offices  requested  a  list  of  current  projects  with  a 
recommendation  as  to  whether  the  project  would  be  HLBS  compatible.  In  addition,  the 
survey  requested  both  the  current  and  preferred  survey  and  dredge  frequencies,  water 
clarity  (secchi)  depths,  the  cost  of  conventional  surveys,  the  time  to  conduct  such  sur¬ 
veys  and  the  existence  of  seasonal  limitations. 

2.1.1  Review  of  Corps'  Cost  Data 

From  those  field  offices  that  responded  to  the  Corps  survey,  GRA  created  a  data 
base  of  nearly  400  Army  Corps  projects  (see  Chapter  1).  By  comparing  cost  as  a  func¬ 
tion  of  time-to-conduct  the  survey  (see  Figure  2.1),  GRA  determined  which  survey 
responses  were  beyond  the  norm.  For  example,  all  of  the  New  York  District  cost  data 
were  lower  than  what  would  otherwise  have  been  expected  and,  consequently. 
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Cost  of  Existing  Survey  Techniques 


(000$)  *soo  /te/uns 
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results  from  this  district  have  not  been  included  in  this  analysis.  Upon  investigation,  the 
study  team  found  that  some  other  districts  also  had  not  provided  usable  answers  and 
thus  their  data  were  deleted  from  the  database. 

When  reviewing  the  costs,  GRA  annualized  the  conventional  cost  data  as  shown 
in  Table  2.1  by  taking  the  survey  frequency  in  years,  finding  the  reciprocal  (frequencies 
of  every  ten  years  become  .1;  every  two  years  become  .5;  one  year  or  less  become  1.0), 
and  then  multiplying  this  number  by  the  cost  per  survey  to  find  the  expected  annual 
cost  of  surveying  each  project  using  the  conventional  means.  These  values  were  later 
compared  with  the  HLBS  costs  to  provide  measures  of  the  annual  survey  dollars  that 
were  affected  by  one  HLBS  survey  mission  per  year} 

Table  2.1 

THE  DERIVATION  OF 
ANNUALIZED  SURVEY  COSTS 


Survey 

Site 

Frequency 

Cost  per 
Survev 

Factor 

Annualiz 

Cost 

A 

Every  five  years 

$20,000 

0.2 

$4,000 

B 

Once  a  year 

$100,000 

1.0 

$100,000 

C 

Three  times  per  year 

$15,000 

1.0 

$15,000 

D 

Every  ten  years 

$150,000 

0.1 

$15,000 

2.1.2  Conventional  Survey  Missions 

A  hydrographic  survey  crew  generally  consists  of  four  people.  One  individual 
handles  the  positioning  system  and  tide  gauge.  The  other  three  operate  the  boat  and 
survey  equipment.  Operating  according  to  a  pre-established  plan,  they  take  soundings 
along  survey  lines  perpendicular  or  parallel  to  the  navigation  channel.  The  interval 

^This  is  why  those  conventional  missions  surveyed  more  than  once  a  year 
were  treated  as  a  once-per-year  survey. 
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between  soundings  and  spacing  of  adjacent  survey  lines  depends  on  the  type  of  survey 
Reference  to  established  survey  control  points  provides  the  means  for  establishing 
horizontal  and  vertical  positions.  The  crew  uses  the  sounding  coordinates  to  prepare 
survey  worksheets  which  contain  the  location  and  depth  of  soundings.  Today  much  of 
the  process  employs  automated  equipment. 

The  survey  team  requires  several  specialized  pieces  of  equipment  such  as  a  fully 
automat  fd  acquisition  and  plotting  systems,  dual  frequency  echosounder,  a  three-range 
X  or  Z  band  positioning  system,  and  a  vessel.  The  vessel's  size  will  vary  depending  on 
the  type  of  water.  In  addition,  the  study  team  would  require  personal  computers  and 
related  software  and  hardware,  some  form  of  ground  transportation  and,  perhaps, 
automatic  tide  gauges. 

The  survey  team  sets  up  electronic  positioning  system  stations  on  the  shore 
which,  through  triangulation,  identify  the  exact  position  of  the  survey  vessel.  For  inland 
waterways  such  as  rivers  and  canals,  a  positioning  method  by  range  and  azimuth  has 
become  the  method  of  choice  because,  although  the  range  is  usually  limited,  the  accura¬ 
cies  are  higher.  The  ranging  portion  is  usually  moie  precise  in  these  applications  than 
that  of  an  X  or  Z  band  frequency  and  regularly  gives  accuracy  within  one  meter. 

Prior  to  beginning  a  hydrographic  survey,  the  survey  team  must  set  up  its 
ground  positioning  systems  on  a  Geodesic  benchmark  or  USACE  survey  control  point. 
By  law,  these  benchmarks  must  be  made  available  to  surveyors.  The  only  problem, 
which  exists  for  new  crews  especially,  is  to  gain  permission  from  the  landowner  to  cross 
the  land  and  to  be  able  to  locate  the  benchmarks.  This  process  may  require  considerable 
research  prior  to  the  surveying. 

All  hydrographic  surveys  require  the  collection  of  tidal  or  water  level  data  to 
reduce  the  soundings  to  mean  low  tide  depths.  If  an  automatic  gauge  is  used,  the  tide 
readings  may  be  obtained  after  the  data  collection;  otherwise,  an  observer  will  take 
manual  tide  readings  during  the  survey  and  radio  those  readings  to  the  survey  vessel. 
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2.2  HLBS  Technical  Performance  and  Cost  Assumptions 

The  Army  Corps  defines  three  survey  classes:  Class  1,  Class  2  and  Class  3,  ac¬ 
cording  to  purpose  and  desired  accuracy.  Class  1  surveys,  such  as  payment  surveys 
which  are  performed  both  before  and  after  dredging  to  measure  quantities  of  fill  moved 
for  the  determination  of  the  proper  payment,  require  the  highest  level  of  accuracy  in 
both  positioning  and  depth  measurement  so  that  payments  will  be  consistent  with  the 
actual  dredging  performed.  In  general,  a  Class  1  survey  requires  X  and  Y  (longitude 
and  iatitude)  positioning  accuracy  within  1.5  meters.  Class  2  require  2.7  meters  and 
Class  3  requires  4.7  meters.  The  Z  (depth)  accuracy  requirement  for  Class  1  survey  is  .5 
feet*;  Class  2  survey  is  .8  feet;  and  Class  3  is  1.4  feet.2 

The  analysis  assumes  that  the  data  reported  in  the  field  oifice  survey  retlect  ail 
costs  of  conventional  surveys. 

2.2.1  HLBS  Costs 

The  operational  prototype  HLBS  will  cost  $5.5  million  for  the  Army  Corps  to 
acquire.  This  amount  includes  software  development,  the  purchase  of  a  computer  for 
post  processing,  a  stock  of  spare  parts,  and  the  on  board  master  unit  for  the  ground 
positioning  system.  This  price  also  includes  training  of  the  first  laser  crew  on  system 
operation.  Although  several  years  from  production,  the  estimated  cost  of  a  commercial 
HLBS  unit  is  $2.75  million.  The  estimated  annual  maintenance  costs  are  live  percent  of 
the  commercial  acquisition  costs,  or  $137^00  per  year.  The  operational  prototype  HLBS 
will  enter  operational  use  two  years  after  the  decision  to  enter  development  and  will 
have  a  life  of  seven  years  with  no  salvage  value. 

2.2.2  Helicopter  Costs 

Optech  identified  a  number  of  candidate  helicopter  platforms  for  the  HLBS  in  its 

December  1988  report.  These  include  the  two  Bell  Helicopter  models,  the  B-205A,  the 

*  A  table  of  factors  for  converting  Non-SI  units  of  measurement  to  Sl(metric) 
units  is  found  on  page  28. 

Engineering  and  Designs:  Surveying  and  Mapping.  Department  of  the  Army 
Corps  of  Engineer s7  Office  of  the  Chief  Engineer,  EMI  110-1. 
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13-212,  and  the  Sikorsky  S-76.  Of  the  three  candidate  helicopters,  the  B-212  was  selected 
as  the  most  cost-efficient  helicopter  capable  of  providing  the  electric  power  necessary  to 
operate  the  HLBS.  Besides  mounting  antennae  and  installing  a  power  source  for  the 
HLBS  and  pilot  guidance  system,  the  helicopter  would  require  no  other  modifications  to 
transport  and  operate  the  system.  Based  on  discussions  with  Optech  and  a  review  of  its 
December  report  GRA  assumes  that  the  HLBS  will  be  mounted  to  the  seat  attachment 
points  in  the  cabin  area  of  the  B-212. 

GRA  conducted  inquiries  with  approximately  fifteen  B-212  operators  identified  in 
the  World  Aviation  Directory  (1987)  to  elicit  hourly  charter  costs  and  other  charter 
terms  for  Bell  212  helicopters.  GRA  analyzed  the  data  for  the  U.S.  operators  to  derive 
the  average  cost ,  used  in  this  studv,  of  $3,000 per  day  ( short-term ,  SI, 600 per  day  long¬ 
term)  and  $660 per  flight  hour.  This  includes  the  use  of  the  aircratt,  a  flight  crew  of  two 
pilots  and  a  crew  chief /mechanic  to  perform  normal  maintenance.  In  addition  to  these 
charges,  all  crews  involved  in  field  work  incur  meal  and  lodging  costs  of  $70.00  per- 
person-day. 

The  survey  of  helicopter  operators  also  provided  other  useful  information  regard¬ 
ing  the  use  of  the  HLBS.  In  addition  to  lower  daily  rental  costs,  the  longer  the  time 
period  contracted  for  (greater  than  21  days),  the  more  likely  the  operator  would  forego 
the  cost  of  mounting  the  antennae,  the  pilot  guidance  system  and  the  power  supply  lor 
the  1 1LBS.  These  potential  cost  savings,  however,  have  not  been  factored  into  the 
analysis. 

In  the  operational  scenarios  evaluated  in  this  report,  GRA  assumes  that  four 
helicopter  days,  along  with  sixteen  flight  hours,  will  be  used  to  mount  the  equipment, 
position  the  aircraft  in  the  general  survey  area  and  return  it  back  to  base  upon  comple¬ 
tion  of  the  missions. 
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The  greater  number  of  missions  the  helicopter  flies  during  a  specific  charter 
period,  the  smaller  the  effect  these  fixed  costs  will  have  on  unit  operating  costs.  If  the 
mission  lasted  one  day,  then  the  four  days  of  installation /access  time  and  sixteen  hours 
of  flight  time  would  be  allocated  to  that  single  day's  mission.  If  instead,  the  mission 
lasted  five  days,  then  each  mission  day  would  bear  only  one-fifth  of  these  costs.  To  put 
this  into  perspective.  Figure  2.2  shows  the  effect  of  the  staging  costs  for  the  helicopter  on 
the  average  price  per  day.  The  left  vertical  axis  represents  the  average  cost  for  renting 
the  helicopter  per  day,  while  the  right  ver^^rl  axis  represents  the  total  cost  of  renting 
the  helicopter.  The  total  cost  function  is  linear,  with  a  fixed  cost  of  $22,560  and  a  varia¬ 
ble  cost  of  $5,000  per  day.  The  average  cost  function  shows  the  average  cost  of  renting 
the  helicopter  per  day  decreases  as  the  number  of  days  increases,  eventually  approach¬ 
ing  a  limit  of  $3,000.  The  average  cost  function  continues  to  decrease,  but  at  a  decreas¬ 
ing  rate,  as  the  number  of  helicopter  days  increases. 

For  safety  reasons,  GRA  has  assumed  a  two-pilot  operation  for  the  Bell  212 
because  of  the  nature  of  the  mission  being  flown.  One  of  the  two  pilots  would  fly  pre¬ 
cise  tracks  focusing  on  the  pilot  guidance  system  while  in  the  data  acquisition  mode. 

The  second  pilot  would  scan  the  area  to  watch  out  for  other  aircraft  and  to  monitor  the 
critical  flight  instruments.  The  cost  reduction  from  two  to  one  pilot  operation  is  not 
significant  enough  to  warrant  foregoing  this  precaution. 

GRA's  preliminary  research  uncovered  helicopters  available  in  Pennsylvania, 
Texas,  Louisiana,  Oregon,  California  and  Alaska.  This  search  tracked  only  those  charter 
companies  listing  Bell  212s  in  their  fleets  as  shown  in  the  World  Aviation  Directory. 
However,  even  from  this  limited  sample  of  operators,  it  is  apparent  that  on  most  occa¬ 
sions  the  Bell  212  can  be  obtained,  albeit  perhaps  at  some  distance  away  from  the  mis¬ 
sion  site.  In  addition,  many  of  the  operators  indicated  that  they  had  contracts  which  ran 
through  the  summer  to  fly  fire-fighting  missions  for  the  U.S.  Forest  Service  or  others. 
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Thus,  it  appears  that  the  period  October  through  April  or  May  would  be  the  months  of 
the  year  when  the  Bell  212  was  most  likely  available  for  lease  to  conduct  HLBS  survey 
missions. 

The  B-212  helicopter  operates  on  jet  aviation  fuel.  Because  of  the  relatively  low 
speed  and  altitude  of  the  helicopter  during  data  acquisition,  GRA  assumes  an  upper 
limit  of  two-and-one-half  hours  between  refueling  stops.  Moreover,  the  helicopter  must 
land  at  an  airport  which  supplies  jet  aviation  fuelP  After  refueling,  the  helicopter  then 
returns  to  where  it  left  off  to  continue  the  mission. 

2.2.3  Laser  Penetration 

The  maximum  depth  likely  for  HLBS  operation  will  be  50  meters  in  clear  water. 
Minimum  depth  will  range  from  1  to  1.5  meters  in  dear  water.4  However,  typical 
mission  depth  will  be  approximately  twice  the  secchi  depth6  and  is  limited  by  water 
clarity,  turbidity  and  bottom  conditions.  In  addition,  the  HLBS  will  not  operate  well 
under  conditions  characterized  by  high  winds  and  waves,  fog  and  precipitation,  or  high 
levels  of  ambient  light6  (e.g.,  mid-day  without  clouds). 

The  analysis  assumes  that  HLBS  will  be  able  to  estimate  data  within  the  error 
tolerances  stated  for  Class  2  and  Class  3  surveys. 

2.2.4  Swath  Width 

This  analysis  assumes  that  the  helicopter,  living  at  200  meters  above  the  water  at 
20  knots,  can  survey  a  swath  352  feet  wide  with  five-meter  dot  spacing.  This  will  enable 
the  helicopter  to  survey  most  of  the  intracoastal  waterway  in  one  pass.  Harbors  and 


^Information  on  fuel  availability  obtained  from  Aircraft  Owners  and  Pilots  Asso- 
riation,  AOPA  Airports  USA  1987. 

4Optech  Report,  pps.  173  and  175. 

^Secchi  is  a  device  to  measure  water  clarity.  Secchi  depth  is  the  average  point  at 
which  a  disk  becomes  invisible  in  the  water. 

6 Ibid.,  pps.  173  and  174. 
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beach  fronts  may  require  multiple  passes.  The  analysis  assumes  that  the  laser  crew  will 
structure  its  projects  using  300-foot  swaths  which  will  allow  an  overlap  to  account  for 
slight  deviations  in  course.  Note,  that  while  aerial  photography  normally  prescribes  a 
twenty  percent  overlap,  the  relatively  slow  speed  of  the  helicopter,  its  ability  to  circle 
back  and  resurvey  missed  data,  and  the  flight  guidance  provided  by  the  flight  track 
monitor  should  greatly  reduce  the  need  for  this  large  of  an  overlap  allowance. 

2.2.5  Mission  Speed 

For  the  purpose  of  this  analysis,  the  helicopter  speed  has  been  assumed  to  be  20 
knots  (nautical  miles  per  hour)  while  in  the  survey  mode  and  100  knots  while  flying 
other  flight  segments  (deadhead).  No  allowance  for  turnaround  or  readjustment  has 
been  made  in  the  mileage  measurements  even  though,  in  actual  operation,  a  helicopter 
wiil  not  be  able  to  stop  instantaneously  or  make  angled  turns  and  accurately  stay  on 
course.  In  reality,  the  helicopter  will  need  to  fly  a  loop  to  turn  and  then  hover  at  the 
beginning  of  a  given  survey  track  to  regain  its  equilibrium.  Hence,  the  cost  estimates 
have  included  a  mission  efficiency  factor  of  15  percent  to  accommodate  just  such  exi¬ 
gencies. 

2.2.6  Survey  Crew  Costs 

The  private  contractor  will  employ  a  crew  ot  lour  people.  The  tollowing  prices 
include  the  overhead  and  fee  charged  by  the  contractor: 


Position 

Per  Dav 

Party  Chief 

$325 

Hquipment  Technician 

$300 

Assistant  Surveyor 

$275 

Assistant  Surveyor 

$275 

These  positions  require  knowledge  of  both  hydrography  and  computers,  and  as 

such,  are  expensive.  The  crew  will  work  twelve  hour  days,  of  which  no  more  than  eight 
will  be  spent  surveying.  In  addition,  two  trained  electronic  technicians  will  review  the 
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data  as  part  of  the  post  processing.  Each  hour  of  data  gathered  will  require  two 
technicians  working  five  hours  each  to  prepare  the  survey  products  (six  hours  in  the 
case  of  3-D  GPS). 

It  has  further  been  estimated  that  the  crew  travel  and  per  diem  cost  per  person 
day  is  $70.  The  crew  would  include  two  people  assigned  to  setting  up  the  ground 
stations  and  the  tide  gauges.  Ground  transportation  for  this  activity  has  been  estimated 
at  $50 per  vehicle  or  a  total  of  $100 per  day. 

2.2.7  Ground  Positioning  Systems 

The  hydrographic  surveys  analyzed  in  this  report  are  designed  to  meet  Army 
Corps  of  Engineers  Class  II  and  Class  III  survey  accuracy  requirements.  Extremely 
accurate  methods  must  therefore  be  employed  to  position  the  readings  to  known  loca¬ 
tions.  Traditionally,  this  exact  positioning  has  required,  by  means  of  triangulation,  the 
use  of  at  least  two  ground  stations  which  broadcast  a  microwave  frequency  to  the 
survey  vehicle  from  known  USACE  benchmarks. 

Microwave  transmitters  have  historically  been  used  for  ground  station  transmit¬ 
ters.  While  appropriate  for  water-based  surveying,  the  microwave-based  system  comes 
less  practical  when  dealing  with  helicopters  which  move  at  a  much  faster  rate  of  speed. 
Unobstructed  line  of  sight  must  be  maintained  at  all  times  between  the  microwave 
ground  station  and  the  helicopter.  This  is  difficult  to  accomplish  efficiently  with  a  heli¬ 
copter  moving  at  20  knots.  Fortunately,  better  solutions  are  available. 

Recent  technological  developments  have  provided  at  least  two  alternative  tech¬ 
nologies  to  enable  efficient  and  accurate  ground  positioning.  The  first  of  these  is  the 
UHF  Trisponder.  This  device  enables  accurate  positioning  within  at  least  a  50  mile 
radius,  and  is  less  affected  by  line  of  sight  obstructions  such  as  trees  and  buildings.  The 
available  power  is  at  least  two  to  three  times  that  provided  by  equivalent  microwave 
transmitters.  The  principal  benefit  of  this  device  over  microwave  is  its  ability  to  be 
located  far  enough  from  the  actual  site  of  the  surveying  so  that  the  trisponder  device  can 
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be  used  efficiently  by  more  than  one  harbor  or  by  a  lengthy  stretch  of  intracoastal 
waterway.  All  transmitters  used  for  triangulation  must  be  positioned  so  that  at  any 
time  the  helicopter  can  receive  signals  from  two  adjacent  trisponders  within  an  angle  of 
between  30  and  150  degrees.  This  constraint  would  enforce  use  of  a  separate  micro- 
wave  device  for  each  mile  of  survey  in  some  congested  areas,  but  is  less  of  a  problem  for 
the  more  powerful  UHF  technology. 

The  UHF  Trisponder  is  currently  available  from  Del  Norte  Technology  of  Euless, 
Texas.  The  Del  Norte  UHF  Trisponder  has  already  been  employed  by  the  Corps  in 
Savannah,  Galveston  and  other  projects.  UHF  Trisponders  have  been  efficiently  mounted 
on  existing  television  or  radio  towers,  or  on  the  roofs  of  high  rise  buildings,  since  the 
onlv  major  obstacle  which  might  interrupt  the  trisponder  are  intervening 
buildings.Significant  advantages  could  be  employed  by  using  UHF  Trisponders  with 
helicopters  since  they  would  not  have  to  be  mounted  on  a  tower  to  obtain  approximate 
direct  line  of  sight.  The  Del  Norte  Trisponder  weighs  25  pounds  and  requires  a  24  volt 
DC  power  source  such  as  two  automobile  batteries  connected  in  series.  The  entire 
device  can  be  made  portable  with  a  30  inch  antenna. 

The  study  assumes  that  UHF  Trisponders  will  cost  in  the  neighborhood  ot  $16,000 
each.  A  total  of  five  are  needed  for  the  survey. 

A  second  ground  positioning  technology  is  the  Two-Dimensional  Global  Posi¬ 
tioning  System  (2-D  GPS).  A  single  GPS  unit  can  accurately  control  the  location  of  the 
helicopter  within  one  hundred  miles  and  does  not  require  triangulation.  The  GPS 
ground  station  is  the  same  unit  as  that  which  fits  into  the  helicopter;  the  only  difference 
is  that  it  must  also  send  signals  as  well  as  receive  them.  Most  GPS  receivers  cost  be¬ 
tween  $50,000  and  $60,000  although  some  have  sold  for  as  low  as  $32,000.  The  study 
assumes  that  the  HLBS  would  require  two  2-D  GPS  units  costing  $50,000  each. 

At  the  forefront  of  technology  are  Three-Dimensional  Ground  Positioning  Sta¬ 
tions  (3-D  GPS).  When  available,  these  devices,  at  approximately  the  same  cost  as  the 
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two-dimensional  design,  will  have  the  additional  advantage  of  obviating  the  need  for 
separate  tide  gauges.  They  will  require,  however,  additional  post-processing  time.  This 
analysis  assumes  the  use  of  two  ?-D  GPS  ground  stations  at  a  cost  of  $50,000  each ,  no 
accompanying  tide  gauges,  but  a  corresponding  six-to-one  post-processing  hours  to 
survey  hours  ratio. 

The  ground  crew  consists  of  two  people  responsible  for  setting  up  the  ground 
stations.  The  set  up  for  GPS  is  practically  instantaneous,  with  the  machine  needing 
approximately  two  minutes  to  lock  onto  the  satellite.  Geometry  details  are  not  impor¬ 
tant  with  GPS,  only  that  the  station  has  been  sited  on  a  known  mark.  The  ground  sta¬ 
tion  then  receives  the  signal  from  the  satellite  and  sends  the  helicopter  an  adjustment 
factor  determined  by  the  difference  between  the  known  location  and  the  location  sug¬ 
gested  by  the  satellite's  signal.  The  unit  in  the  helicopter,  which  also  receives  the 
satellite  signal,  then  makes  the  required  adjustment. 

This  analysis  assumes  that  benchmarks  are  in  close  proximity  to  the  ground 
station  locations  suggested  in  the  Appendices. 

The  same  people  responsible  for  setting  up  the  ground  stations  would  also  be 
responsible  for  setting  up  the  automatic  tide  gauges.  Twelve  automatic  tide  gauges  are 
required  for  the  scenarios  put  forth  in  this  report,  representing  an  approximate  cost  of 
S 120,000 .  The  study  further  assumes  that  the  tide  gauges  will  work  and  that  the  laser 
crew  can  leave  both  the  tide  gauges  and  the  various  ground  stations  unattended  with¬ 
out  their  malfunctioning  or  being  stolen. 

Each  mission  accounts  for  the  need  to  set  up  these  ground  stations.  In  some 
cases,  such  as  the  Maine  harbors,  these  ground  stations  and  tide  gauges  become  the 
limiting  factor,  as  the  rocky  terrain  and  vast  tide  fluctuations  require  the  ground  crew  to 
gauge  the  tide  fluctuations  at  every  project  site.  In  Maine,  even  with  two  ground  per¬ 
sonnel,  the  helicopter  will  have  to  wait  for  the  crew  to  move  from  one  area  to  the  next. 
Moreover,  some  projects  in  Maine  are  not  easily  reached  by  car  and  thus  have  either 
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been  dropped  from  the  project  list  or  have  imposed  time  constraints  on  the  HLBS  mis¬ 
sion.  Other  missions,  to  varying  degrees,  would  suffer  from  similar  constraints. 

2.2.8  Processing  of  HLBS  Data 

The  HLBS  records  the  data  from  the  laser  and  the  positioning  units  on  a  magnetic 
computer  tape.  At  the  end  of  the  day,  this  tape  would  be  express  mailed  to  a  central 
processing  facility  where  the  data  would  be  synthesized  to  produce  the  soundings  at 
mean  low  water  levels.  This  study  assumes  that  for  every  one  hour  of  surveying,  there 
will  be  five  hours  of  post-processing  involving  a  minicomputer  and  two  technicians. 

(For  die  case  of  3-D  GPS  units,  six  hours  would  be  required.  The  study  assumes  that  the 
purchase  of  the  minicomputers  is  included  in  the  HLBS  costs  while  the  fully-allocated 
cost  of  the  post-processing  personnel  is  $38  per  survey  hour. 

2.3  The  HLBS  Cost  Model 

GRA  has  developed  a  computer  model  for  calculating  the  cost  of  the  six  HLBS 
missions,  the  net  benefits  from  using  HLBS  to  survey  the  projects  included  in  these 
missions,  and  the  net  present  value  of  these  benefits  over  an  appropriate  period,  given 
the  parameters  defined  under  each  of  the  six  scenarios.  This  section  discusses  the 
tormulae  used  to  determine  the  net  present  value  of  the  investment.  It  then  discusses 
the  parameters,  both  fixed  and  variable,  used  in  creating  these  cost  formulae,  illustrating 
with  flow  charts  the  various  outputs  from  the  computer  model. 

2.3.1  The  Net  Present  Value  Technique 

The  accepted  technique  for  evaluating  the  worth  of  investments  which  last  longer 
than  a  single  year  is  a  net  present  value  (NPV)  or  discounted  cash  flow  analysis.  In 
cases  such  as  HLBS,  the  government  will  expend  funds  over  a  period  of  years  to  devel¬ 
op  the  system  while  achieving  operational  savings  during  later  years.  Similarly,  a 
commercial  operator  would  buy  the  system  with  an  initial  payment  and  then  use  it  for  a 
number  of  years,  receiving  some  positive  cash  flow  on  account  of  its  use.  In  cases  such 


2-14 


as  these,  one  should  recognize  that  the  investment  and  operating  savings  occur  in  dif¬ 
ferent  time  periods.  Money  has  a  time  value:  a  dollar  today  is  worth  more  than  a  dollar 
in  the  future,  since  it  could  earn  interest.  The  NPV  technique  considers  this  time  value 
of  money. 

The  NPV  technique  brings  all  cash  flows  back  to  the  present  using  a  discount  rate 
which  reflects  the  potential  alternative  uses  for  the  money.  By  bringing  all  cash  outlay? 
and  cash  savings  back  to  the  same  time,  one  can  determine  whether  an  investment  is 
worthwhile  or  whether  it  is  the  better  of  several  investments.  In  the  context  of  HLBS, 
cash  outlays  refer  to  the  expenses  incurred  to  buy  and  operate  HLBS,  while  cash  savings 
refer  to  money  the  USACE  does  not  spend  to  conduct  surveys  using  conventional 
means.  An  NPV  greater  than  zero  means  that  USACE  would  save  money  by  investing 
in  HLBS  technology. 

A  key  parameter  in  the  NPV  analysis  is  the  discount  rate  chosen  to  reflect  the 
opportunity  cost  of  the  money  invested.  The  Office  of  Management  and  Budget  (OMB) 
prescribes  a  discount  rate  of  ten  percent  in  the  evaluation  of  government  projects. 

2.3.2  Annualized  Costs 

When  private  sector  firms  invest  in  assets,  they  too  must  earn  a  return  on  their 
investment.  However,  such  firms  cannot  borrow  at  rates  as  low  as  the  government, 
must  pay  taxes  on  their  profits,  and  have  to  consider  the  riskiness  of  their  investment- 
or  the  chance  that  the  investment  will  not  work  out  as  planned.  The  HLBS  would  con¬ 
stitute  a  very  large  investment  for  these  firms  which  take  the  chance  that  project  work 
may  not  be  forthcoming.  Recall  that  energy  exploration  in  the  U.S.  has  substantially 
fallen  in  the  last  few  years.  Companies  that  had  invested  in  equipment  to  perform 
support  work  have  had  to  sell  the  equipment  at  a  loss  or  perhaps  gone  out  of  business. 
To  keep  an  investment  in  the  HLBS  analogous  to  an  investment  of  similar  risk,  this 
analysis  uses  a  25-percent  discount  rate  to  amortize  the  commercial  operators'  purchase 
of  the  HLBS  and  associated  equipment.  The  amortization  rate  converts  a  large  initial 
investment  into  a  stream  of  annual  payments. 
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2.3.3  Estimating  Prices  for  a  Contractor-Owned  HLBS 

The  following  section  describes  how  the  cost  model  estimates  the  price  commer¬ 
cial  firms  would  charge  for  HLBS  services.  These  prices  incorporate  both  the  cost  of 
performing  the  HLBS  surveys  and  the  normal  profits  earned  from  this  work  assuming 
that  competitive  conditions  prevail  in  the  market  for  contract  hydrographic  surveys.  As 
shown  below,  these  costs  consist  of  helicopter  charges,  salaries  and  overhead  for  the 
contract  laser  and  ground  crew,  the  per  diem  allowances,  the  ground  transportation  for 
setting  up  ground  stations,  post  processing,  and  HLBS  maintenance.  On  top  of  this,  the 
cost  model  adds  the  amortized  cost  of  the  investment  allocated  across  the  different 
missions,  assuming  an  annual  contract  of  150  mission  hours.  The  amortization  rate  of  25 
percent  incorporates  a  normal  profit  for  the  contractor. 

2.3.4  Cost  Formulae 

The  contractors  will  charge  a  price  for  conducting  a  survey  mission.  These  prices 
include  the  mission  operating  costs,  then  the  annualized  investment  for  the  HLBS 
system,  ground  stations  and  the  annual  maintenance  cost  (Figure  2.3),  which  is  estimat¬ 
ed  at  five  percent  of  the  initial  laser  price. 

The  cost  model  finds  the  net  present  value  of  the  investment  in  HLBS  by  dis¬ 
counting  the  annual  difference  between  benefits  and  costs.  The  figure,  the  net  annual 
benefits,  consist  of  the  difference  between  the  expected  conventional  cost  and  the  cost  to 
USACE  of  HLBS  surveys-most  often  the  price  the  contractor  changes.  The  net  annual 
benefit  consists  of  the  difference  between  the  expected  conventional  costs  of  each  scenar¬ 
io  and  the  associated  HLBS  cost  per  mission  (Figure  2.4).  The  operating  cost  per  mission 
is  the  sum  of  the  helicopter  cost  (Figure  2.5),  laser  crew  cost  (Figure  2.6),  ground  crew 
cost,  post-processing  cost  and  a  factor  for  mission  efficiency  (Figure  2.7).  The  helicopter 
cost  is  the  sum  of  the  daily  helicopter  lease,  the  charge  per  flight  hour  and  the  air  crew 
travel  and  per  diem  charge.  The  laser  crew  cost  is  the  sum  of  the  laser  crew  wages,  per 
diem  and  travel.  Post-processing  costs  are  included  in  "Other  Costs." 


2-16 


Figure  2.3 
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Figure  2.6 
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Figure  2.7 
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Figure  2.8  shows  the  unit  operating  costs.  This  is  the  operating  cost  per  mission 
divided  by  the  product  of  the  number  of  survey  hours  times  the  coverage  rate.  The 
coverage  rate  consists  of  the  potential  number  of  square  nautical  miles  surveyed  per 
survey  hour.  It  is  found  by  multiplying  the  survey  speed  by  the  swath  width  and  then 
dividing  by  the  number  of  feet  per  square  nautical  mile.  Since  the  cost  to  measure  a  70- 
foot  wide  channel  is  the  same  as  the  cost  to  measure  a  300-foot  wide  channel  by  HLBS, 
the  measure  of  costs  per  square  nautical  mile  may  be  misleading  (same  cost  for  4.3  times 
as  much  area).  A  more  appropriate  measure  may  be  cost  per  linear  channel  nautical 
mile,  which  takes  account  of  the  multiple  passes  made  by  either  conventional  or  HLBS 
surveys  which  are  required  in  wide  areas  of  harbors.  Unit  costs  based  on  area  generally 
will  yield  results  favorable  to  HLBS  due  to  its  wider  swath. 
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Figure  2.8 
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Chapter  3 

HLBS  BENEFIT-COST  ANALYSIS  RESULTS 


3.1  Introduction 

This  chapter  reports  the  results  of  the  benefit-cost  analysis  of  the  Helicopter  Lidar 
Bathymeter  System  (HLBS).  The  Coastal  Engineering  Research  Center  (CERC)  technical 
monitor  selected  candidate  projects  for  inclusion  in  the  economic  analysis.  The  study 
team  then  created  the  specific  survey  missions  which  represented  a  cross-section  of 
these  projects.  The  analysis  investigates  six  scenarios  each  consisting  of  six  specific 
survey  missions  reported  as  HLBS-surveyable  from  field  office  responses. 

The  current  survey  costs  for  the  projects  within  each  mission  were  compared 
with  the  estimated  HLBS  price  to  determine  the  operating-cost  savings  potentially  avail¬ 
able  from  use  of  the  system.  The  costs  of  purchasing  the  HLBS  and  the  necessary 
ground  positioning  units  and  tide  gauges,  along  with  the  annual  cost  of  maintenance, 
were  treated  as  fixed  costs  and  recovered  as  part  of  this  price.  The  remaining  net  bene¬ 
fits  were  then  used  to  perform  a  discounted  cash  flow  analysis. 

3.1.1  Selection  of  Missions 

The  Corps  of  Engineers  conducted  a  survey  of  field  offices  to  identify  existing 
survey  projects  which  might  have  the  potential  for  application  of  HLBS  technology.  For 
each  project,  the  field  office  reported  the  survey  frequency,  the  cost  of  the  survey,  and 
the  time  required  to  perform  the  survey.  Also  included  with  the  survey  responses  were 
maps  of  each  project.  CERC  specified  that  the  analysis  include  the  following  types  of 
projects: 

o  Inland  waterway  sections; 

o  A  series  of  small  harbors; 

o  A  large  harbor; 

o  A  number  of  coastal  inlets. 
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From  these,  six  HLBS  survey  missions  were  developed  for  detailed  analysis. 

In  the  analysis  of  each  mission,  the  study  team  selected  specific  projects  that 
could  be  logically  grouped  into  missions.  The  team  then  created  hypothetical  flight 
plans  as  required  by  the  helicopter  tracking  system.  They  reviewed  survey  maps  to 
determine  the  number  of  HLBS  swaths  to  be  flown,  the  time  necessary  to  acquire  the 
survey  data  as  well  as  additional  flight  time  needed  for  initial  positioning,  returning  to 
the  airport  to  refuel  and  moving  from  one  site  to  another  within  survey  areas.  The  team 
created  the  following  survey  missions: 

o  Cape  Cod  Canal-Approximately  35  miles  of  the  Canal  channel  along  with 
two  small  projects  in  the  immediate  area; 

o  Delmarva  Peninsula- Approximately  70  miles  of  the  inland  waterway 

which  contains  a  number  of  projects  consisting  of  bays,  inlets  and  channels 
along  the  waterway; 

o  Florida  Inland  Waterway— Approximately  140  miles  of  inland  waterway 
on  the  west  coast  of  Florida  along  with  Tampa  Harbor  and  a  number  of 
other  related  projects; 

o  Small  Harbors  in  Maine-A  series  of  37  harbors  located  along  the  Maine 
coastline; 

o  Hollywood  Florida  Area— A  condition  survey  of  ten  miles  of  beach  front  in 
Miami  along  with  four  Florida  harbors,  and  the  harbor  in  San  Juan,  Puerto 
Rico; 

o  New  Jersey  Inland  Waterway— Almost  113  miles  of  waterway  along 
coastal  New  Jersey. 

3.1.2  Scenarios  Evaluated 

Each  mission  was  evaluated  under  the  following  six  scenarios: 

1.  Contractor-owned/Contractor-operated  (Co/Co):  Separate  projects  with 
UHF  Trisponder.  The  economic  analysis  treats  all  six  missions  as  being 
conducted  independently  of  one  another  for  the  purpose  of  this  scenario. 
This  means  that  each  mission  bore  separate  mobilization  and 
demobilization  costs  for  the  HLBS  ana  helicopter.  This  scenario  assumed 
the  purchase  and  use  of  five  UHF  Trisponders  for  horizontal  positioning 
and  twelve  automatic  tide  gauges  for  vertical  positioning. 

2.  Co/Co:  Division-wide  with  UHF  Trisponder.  This  scenario  is  identical  to 
#1  above  except  that  the  missions  have  been  combined  at  the  division- 
level  for  mobiiization/demobilization. 
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3.  Co/Co:  Corps-wide  with  UHF  Trisponder.  This  scenario  is  identical  to  #1 
above  except  that  the  missions  have  been  combined  at  the  Corps-wide 
level  for  mobilization/demobilization. 

4.  Co/Co:  Separate  projects  with  two-dimensional  GPS.  This  scenario  is 
identical  to  #1  above  except  the  laser  crew  would  use  a  two-dimensional 
global  positioning  system  (2-D  GPS)  instead  of  UHF  Trisponders  for 
horizontal  positioning. 

5.  Co /Co:  Separate  projects  with  three-dimensional  GPS.  This  scenario  is 
identical  to  #1  above  except  that  the  contractor  would  use  a  three-dimen¬ 
sional  global  positioning  system  (3-D  GPS)  instead  of  UHF  Trisponders. 

In  addition,  separate  tide  gauges  would  not  be  needed  with  the  3-D  GPS 
for  horizontal  and  vertical  positioning. 

6.  Government-owned/Contractor-operated  (Go/Co):  separate  projects  with 
UHF  Trisponder.  This  scenario  is  identical  to  #1  above  except  the  HLBS 
would  be  owned  by  the  government  and  operated  by  private  contractors. 
In  this  scenario,  the  government  pays  the  development  cost  for  the  opera¬ 
tional  prototype. 

3.1.3  Critical  Assumptions 

Because  of  the  unproven  nature  of  HLBS  technology,  a  number  of  assumptions 
had  to  be  made  about  relevant  technical  and  economic  parameters.  The  most  important 
of  these  are  as  follows: 

o  The  HLBS  would  require'  a  Corps  investment  of  $5.55  million  which 

includes  all  software,  data  processing  equipment  and  initial  provisions  of 
spare  parts. 

o  The  system  would  operate  for  seven  years  and  would  have  no  value  at  the 
end  of  this  period. 

o  Annual  system  maintenance  costs  would  be  five  percent  of  the  HLBS 
commercial  acquisition  costs  of  $2.75  million 

o  In  the  Co/Co  scenarios,  the  HLBS  would  operate  for  150  hours  per  year  to 
complete  Corps  surveys.  This  equates  to  about  $2.8  million  worth  of  exist¬ 
ing  surveys  using  conventional  techniques. 

o  The  Go/Co  scenario  assumes  an  increasing  level  of  contracted  missions 
rising  from  $900,000  in  1991  to  $8.6  million  in  1995  and  thereafter. 

o  Each  hour  of  data  gathered  will  require  ten  hours  of  processing  (two 
people  working  five  hours  each)  to  prepare  the  survey  products. 

o  A  B-212  helicopter  would  be  chartered  for  $3,000  per  day  and  $660  per 
flight  hour.  This  price  includes  two  pilots  and  a  mechanic. 


3-3 


o  The  helicopter  lessor  will  take  two  days  to  install  and  remove  the  HLBS 

and  it  will  take  two  days  and  sixteen  flight  hours  to  travel  to  and  from  the 
mission  area. 

o  The  helicopter  operates  at  a  speed  of  20  knots  and  an  altitude  of  200 

meters  when  gathering  data.  This  geometry  produces  a  swath  width  of 
approximately  350  feet  with  a  spot  spacing  of  less  than  five  meters  along 
tne  line  of  flight.  A  swath  width  of  300  feet  was  used  in  the  analysis  of  trie 
missions  to  allow  a  margin  of  error.  The  helicopter  flies  at  100  knots  when 
not  gathering  data  (deadhead). 

o  The  HLBS  survey  crew  consists  of  four  persons  (not  including  the  helicop¬ 
ter  crew).  This  provides  two  people  to  operate  the  HLBS  in  tne  helicopter 
and  two  persons  responsible  ror  tne  placement  of  ground  positioning 
systems  and  tide  gauges. 

o  An  additional  15  percent  of  mission  and  post  processing  costs  were  used 
to  accommodate  for  potential  inefficiencies. 

3.1.4  Description  of  Sections  to  Follow 

The  remainder  of  Chapter  3  outlines  the  six  separate  scenarios  as  they  relate  to 
the  six  missions,  with  particular  emphasis  on  the  Florida  Intracoastal  Waterway  mis¬ 
sion.  Section  3.2  describes  one  mission  (FL-IWW)  in  detail  to  show  how  the  analysis  of 
HLBS  was  approached.  Section  3.3  shows  the  base  case  scenario  benefit-cost  results 
along  with  HLBS  costs  for  operating  one  mission  (FL-IWW).  Section  3.4  shows  the 
benefit-cost  results  for  the  other  five  scenarios.  Section  3.5  compares  the  benefit-cost 
results  among  the  five  Co /Co  scenarios. 


3.2  Operational  Mission:  FL-IWW 

This  section  highlights  the  background  data  for  the  FL-IWW  mission.  The  follow¬ 
ing  sections  then  show  the  results  for  all  missions  under  each  scenario  evaluated  in  the 
study. 

3.2.1  FL-IWW  Projects 

As  shown  in  Table  3.1,  the  FL-IWW  mission  is  composed,  not  only  of  the  intra¬ 
coastal  waterway,  but  also  of  thirteen  other  projects  along  its  path.  Included  in  this 
mission  is  the  particularly  large  survey  of  Tampa  Harbor,  which  has  a  linear  survey 
distance  only  twenty  miles  shorter  than  that  of  the  IWW  section  in  this  mission. 
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Tabic  3. 1  Project  Description  of  FL-IWW  Mission 
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Table  3.1  outlines  the  conventional  survey  costs  for  each  project  as  well  as  their  annual¬ 
ized  expected  conventional  costs.  The  table  shows  the  nautical  miles  flown  in  both 
survey  and  deadhead  modes,  and  the  corresponding  helicopter  flight  time  in  both 
survey  and  deadhead  modes.  The  helicopter  takes  three  days  to  fly  a  total  of  18.3  hours 
due  to  the  daily  maximum  flight  time  limit  of  eight  hours  per  crew. 

The  ground  crew  will  need  three-and-one-half  days  to  perform  their  duties.  They 
require  a  half-day  in  advance  of  the  helicopter's  arrival  to  set  up  the  ground  stations  for 
the  first  day's  surveying.  After  that  they  are  able  to  move  the  stations  in  advance  of  the 
helicopter,  completing  the  job  at  the  end  of  the  third  day  (with  3-D  GPS,  the  analysis 
assumes  that  the  ground  crew  does  not  require  the  one-half  day  prior  to  the  arrival  of 
the  helicopter.) 

3.2.2  Trip  Length 

For  each  flying  day,  the  helicopter  is  allotted  eight  total  hours  of  flight  time.  For 
refueling  purposes,  the  analysis  assumes  that  the  helicopter  must  land  for  fuel  after  a 
maximum  of  two-and-one-half  hours  in  the  air.  Consequently,  each  survey  day  is 
divided  into  survey  trips.  In  the  case  of  the  Florida  Intracoastal  Waterway  project,  the 
helicopter  will  fly  a  total  of  ten  trips;  four  trips  on  each  of  the  first  two  days  and  two 
trips  on  the  last  day  of  the  mission.  For  more  specific  information  on  flight  routes  and 
times,  refer  to  Appendix  C. 


3.3  Results  of  the  Base  Case  Scenario:  Co /Co:  Separate  Mission  with  UHF  Trisponder 
This  section  first  describes  the  Contractor-owned /Contractor-operated  (Co /Co) 
scenario  with  separate  missions  and  UHF  positioning  systems.  It  shows  the  costs  of 
conventional  surveys  and  compares  these  to  HLBS  operating  costs.  Next  it  shows  the 
calculation  of  the  net  benefit  to  the  Corps  of  employing  HLBS  on  these  missions  which 
includes  recovery  of  fixed  costs  as  well  as  an  assumed  profit  margin  for  the  contractor. 
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The  following  section  shows  how  the  base-case  results  change  under  different  scenarios 
of  mission  grouping,  positioning  system  used,  and  HLBS  ownership. 

The  derivation  of  the  net  present  value  to  the  Corps  due  to  a  Contractor- 
owned /Contractor-operated  HLBS  treats  each  mission  separately  and  uses  the  UHF 
Trisponders  and  automatic  tide  gauges  for  ground  positioning.  Table  3.2  shows  the 
basic  assumptions  employed  in  this  scenario.  Note  that  the  price  for  the  commercial 
HLBS  is  $2.75  million:  this  remains  constant  for  all  scenarios.  This  scenario  uses  five 
Del  Norte  UHF  Trisponders  and  twelve  automatic  tide  gauges  for  a  combined  price  of 
$200,000.  Other  pertinent  assumptions  within  this  scenario  include:  the  Contractor- 
owned /Contractor-operated  amortization  factor  of  .3163,  two  days  for  the  helicopter  set 
up;  two  days  of  ferry  time  and  sixteen  flight  hours  to  ferry  the  helicopter  to  its  location. 

3-3-1  Mission  Description 

This  section  discusses  each  of  the  missions  and  identifies  the  cost  savings  at¬ 
tributable  to  use  of  HLBS  in  comparison  to  conventional  survey  methods.  Each  of  these 
discussions  assumes  the  HLBS  to  be  Contractor-owned /Contractor-operated  with  UHF 
Trisponders  as  the  ground  positioning  system  and  separate  helicopter  leases  for  each 
mission.  It  then  presents  an  evaluation  of  the  overall  savings  available  to  the  Corps 
from  employing  HLBS  to  conduct  these  surveys.  Table  3.3  shows  the  key  parameters 
for  each  of  the  missions  including  expected  conventional  survey  costs,  HLBS  operating 
costs  and  HLBS  mission  prices. 

Cape  Cod  Canal-This  mission  includes  34.6  miles  of  the  Cape  Cod  Canal 
along  with  surveys  of  Onset  Bay  and  Wareham  Harbor  in  Massachusetts.  These  sur¬ 
veys  currently  cost  $135,000  in  the  aggregate.  However,  because  the  Onset  Bay  and 
Wareham  Harbor  surveys  are  done  infrequently,  the  annualized  survey  cost  is  $109,500. 
These  surveys  would  require  approximately  2.0  hours  of  HLBS  data  gathering.  It  is 
expected  that  this  mission  would  incur  operating  costs  of  approximately  $31,000  using 
HLBS.  This  includes  the  standard  allowance  of  two  days  for  installation  and  removal  of 
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Efficiency  Factor 
(%  Helicopter  Flight,  Laser  Crew 
&  Post  Processing  Costs) 


Table  3.3  Summary  of  Costs  and  Prices 

Co/Co  Scenario  Separate  Projects 

With  UHF  Trisponder  Ground  Positioning  System 
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the  HLBS  as  well  as  two  days  of  ferry  time  and  16  flight  hours  to  access  the  Cape  Cod 
survey  site.  Including  all  access  time,  the  helicopter  would  be  chartered  for  a  total  of 
five  days  to  complete  the  mission.  Appendix  A  contains  a  complete  description  of  this 
mission. 

Delmarva  Peninsula-This  mission  consists  of  the  Virginia  portion  of  the  inland 
waterway  from  the  Chesapeake  Bay  to  the  Maryland  State  line  within  the  Delmarva 
Peninsula.  Using  current  survey  techniques,  these  projects  cost  almost  $155,000  to 
survey;  on  an  annual  basis,  they  represent  approximately  $70,000  worth  of  work  per 
year.  The  present  surveying  does  not  include  the  entire  waterway,  but  rather  small 
sections  along  the  waterway.  The  HLBS  would  survey  the  entire  waterway  in  Virginia. 

Using  the  HLBS,  these  surveys  would  require  3.5  hours  of  data  gathering  time 
along  with  another  0.4  hours  of  flight  in  and  around  the  area.  The  total  HLBS  operating 
costs  for  these  missions  would  be  approximately  $35,000.  Appendix  B  provides  further 
details  of  this  mission. 

Florida  West  Coast  Intracoastal  Waterway— This  mission  consists  of  just  over  138 
miles  of  inland  waterway  along  the  west  coast  of  Florida.  It  includes  another  major 
project,  a  survey  of  Tampa  Harbor.  In  addition  to  these  major  activities,  12  other  small¬ 
er  projects  are  included.  This  mission  is  used  as  the  example  in  the  detailed  scenario 
analyses  in  Section  3.3.3.  A  complete  description  of  this  mission  appears  in  Appendix  C 

Hollywood  Florida  Harbors-This  mission  consists  of  a  condition  survey  of  ten 
miles  of  beachfront  in  Miami  along  with  four  harbors  in  the  same  area.  In  addition,  the 
helicopter  would  be  ferried  to  Puerto  Rico  to  conduct  a  survey  of  San  Juan  Harbor. 
Currently,  these  projects  cost  the  Corps  just  over  $150,000  per  year  and  are  conducted 
annually.  These  same  missions  could  be  conducted  using  HLBS  for  just  over  $73,000  in 
operating  costs.  This  assumes  that  the  helicopter  is  brought  into  the  Miami  area  and 
then  conducts  the  Miami  area  and  San  Juan  surveys  before  returning  it  to  the  helicopter 
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charter  company.  The  helicopter  would  be  used  for  a  total  of  nine  days  to  conduct  these 
missions.  Appendix  D  contains  a  more  complete  description  of  this  mission. 

A  Series  of  Harbors  in  Maine— This  mission  includes  37  harbors  along  the  coast  of 
Maine.  Each  project  is  quite  small,  but  the  annualized  cost  to  the  Corps  is  almost 
$111,000.  In  this  mission,  there  is  significant  movement  and  setup  for  ground  position¬ 
ing  systems  resulting  in  the  addition  of  an  extra  day  of  ground  crew  time  in  the  analy¬ 
sis. 

To  appreciate  the  speed  at  which  the  HLBS  gathers  data,  it  only  requires  4  1 
hours  to  collect  the  data  for  the  37  harbors.  An  additional  5.6  hours  of  flight  time  is 
involved  in  repositioning  the  helicopter  within  the  survey  area.  The  operating  costs  of 
this  mission  is  $49,025  using  HLBS.  The  helicopter  would  spend  three  days  in  the 
survey  area  in  addition  to  the  four  days  of  equipment  insiallarion  and  access  to  the 
survey  site.  Appendix  E  contains  a  more  complete  description  of  this  mission. 

New  fersev  Intracoastal  Waterway— This  mission  is  conducted  yearly  by  the 
Corps  at  a  cost  of  $150,000.  It  consists  of  a  survey  of  approximately  113  miles  of  the 
intracoastal  waterway  in  New  Jersey.  This  mission  could  be  conducted  using  HLBS  for 
$71,807  in  operating  costs.  This  includes  one  day  of  helicopter  operation  for  the  survey 
and  four  days  to  place  the  helicopter  into  position  and  condition  tor  use.  A  more 
complete  description  of  this  survey  mission  appears  in  Appendix  E. 

3.3.2  Net  Benefits  to  the  Corps 

Table  3.3  presents  the  summary  of  the  costs  and  prices  related  to  this  scenario. 
Total  conventional  survey  costs  for  all  missions  are  $767,475  while  total  HLBS  operating 
costs  are  $283,276.  The  six  separate  missions  would  take  appioximately  38  days  to 
complete.  Of  these,  24  days  would  be  spent  in  helicopter  mobilization /demobilization. 
This  analysis  estimates  that  private  contractors  would  charge  a  price  of  $558,531  for 
performing  the  six  missions. 
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Table  3.4  shows  the  net  present  value  for  this  scenario  and  how  it  was  calculated. 
The  difference  between  the  expected  conventional  cost  and  the  contractor  mission  price, 
both  found  in  Table  3.3,  yield  the  net  annual  benefit  of  $208,944.  The  annual  Corps 
benefits  of  $812,768  are  the  result  of  multiplying  the  net  annual  benefit  by  the  ratio  of 
annual  mission  hours  (150)  to  survey  hours  (38.6).  In  this  scenario,  the  net  present  value 
to  the  Corps  is  $3,185,207,  which  represent  the  sum  of  each  year's  discounted  net  bene¬ 
fits.^ 

Table  3.5  shows  me  amortized  first  costs  and  annual  costs  for  calculating  the 
HLBS  price  in  this  scenario.  First  costs  consist  of  the  price  of  the  HLBS  and  the  position¬ 
ing  system.  Using  an  amortization  factor  of  .3163  based  on  private  ownership,  amor¬ 
tized  first  costs  amount  to  $933,208.  This  amount,  added  to  the  system  maintenance 
costs  of  $137,500  per  year  (five  percent  of  the  total  HLBS  price),  yields  the  total  annual 
cost  for  the  HLBS  of  $1,070,708.  These  are  allocated  over  the  annual  mission  hours  and 
have  been  incorporated  into  the  HLBS  price  shown  in  Table  3.3. 

3  3.3  The  Florida  Intracoastal  Waterway  Mission 

Table  3.6  shows  the  derivation  of  the  annual  HLBS  operating  costs  of  558,731  for 
the  FL-IWW  mission.  This  amount  consists  of  $45,167  in  helicopter  costs,  $2,295  in  laser 
crew  costs  and  $11,269  in  other  costs.  The  total  helicopter  costs  result  from  the  daily 
and  hourly  use  charges  for  the  helicopter.  Note  that  half  of  these  costs  come  from  the 
mobilization  and  demobilization  of  the  helicopter.  Laser  crew'  costs  represent  the  total 
crew  costs  for  operating  the  HLBS  as  well  as  for  travel  and  per  diem  costs.  Other  costs 
result  largely  from  ground  crew  costs  ($1,925),  post  processing  costs  ($5,567)  and  the 
efficiency  factor  ($2,937). 


^The  discounted  net  benefit  is  that  year's  net  benefit  multiplied  by  a  continuous 
discount  factor  derived  using  the  OMB-prescribed  10%  discount  rate. 


3-12 


Table  3.5  Amortized  First  Costs  and  Annual  Costs 

Co/Co  Scenario; Separate  Projects 
Positioning  System  (UHF) 


AMORTIZED  FIRST  COSTS 

Totals 

Commercial  System  Price 

2,750,000 

Positioning  System  (UHF) 

200,000 

Sum  of  First  Costs 

2,950,000 

Amortization  Factor 

0.3163 

Amortized  First  Costs 

$933,208 

ANNUAL  COSTS 

Totals 

Amortized  First  Costs 

$933,208 

System  Maintenance  (%  of  Price) 

$137,500 

Total  Annual  Costs 

$1,070,708 
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Table  3.6  Operating  Costs  per  Mission 


Co/Co  Scenario; Separate  Projects 
Positioning  System  (UHF) 

Mission:  FL-IWW  OPERATING  COSTS  PER  MISSION 


HELICOPTER  COSTS 

Assumptions 

Mission  Totals 

Helicopter  Lease  Cost  (Fixed) 

$3,000 

Helicopter  Lease  Cost  ($/Flt.Hr) 

$660 

Helicopter  Ferry  &  Set  Up  (Days) 

4 

$12,000 

Helicopter  Ferry  Flight  Hours  (RTj 

16.00 

$10,560 

Number  of  Mission  Days — Hlcptr  Crew 

3 

$9,000 

Helicopter  Mission  Flight  Hours 

18.4 

$12,137 

Travel  &  Per  Diem  (Per  Prsn/Day) 

$70 

$1 ,470 

Total  Helicopter  Costs 

$45,167 

LASER  CREW  COSTS 

Number  of  Mission  Days — Laser  Crew 

3 

Tech  Laser  Crew  (Nmbr  &  Avg  Price) 

2  $312.5 

$1,875 

Travel  &  Per  Diem  (Per  Prsn/Day) 

$70 

$420 

Total  Laser  Crew  Cost 

$2,295 

OTHER  COSTS 

Number  of  Mission  Days— Ground  Crew 

3.5 

Ground  Crew  (Nmbr  &  Avg  Price) 

2  $275 

$1,925 

Travel  &  Per  Diem  (Per  Prsn/Day) 

$70 

$490 

Ground  Transportation 

$50 

$350 

Number  of  Survey  Hours 

14.85 

Post  Processing  (Technician  $/Hr) 

$38 

$5,567 

Efficiency  Factor 

15.0% 

$2,937 

(%  Helicopter  Flight,  Laser  Crew 

Total  Other  Costs 

$1 1 ,269 

TOTAL  OPERATING  COSTS  PER  MISSION  $58,731 
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Table  3.7  shows  the  unit  operating  costs  for  the  scenario.  Unit  operating  costs 
amount  to  $3,194  per  hour.  This  is  based  on  the  operating  cost  of  $58,731  per  mission 
divided  by  18.4,  the  number  of  hours  the  helicopter  uses  to  fly  the  mission.  Table  3.7 
also  shows  unit  operating  cost  per  square  nautical  mile  ($4,006)  and  unit  operating  cost 
per  square  kilometer  ($2,163). 

3.4  Results  of  Different  Scenarios 

This  section  shows  how  the  HLBS  benefit-cost  results  change  across  different 
scenarios  depending  on  the  level  of  mission  aggregation  or  the  type  of  positioning 
system  used.  It  also  contains  the  benefit-cost  results  for  the  operational  prototype  HLBS 
under  evaluation  by  CERC. 

3.4.1  Co/Co:  Division-Wide  Missions  with  UHF  Trisponder 

This  scenario  ties  the  two  Florida  missions  together,  the  two  New  England  mis¬ 
sions  together,  and  the  New  Jersey  and  Delmarva  missions  together.  Table  3.8  shows 
the  basic  assumptions  used  for  this  scenario,  presented  in  terms  of  each  mission.  This 
scenario  assumes  the  helicopter  will  be  rented  to  survey  the  HLBS  projects  within  a 
Corps  division,  so  the  helicopter  set  up  time  would  take  a  total  of  two  days,  the  ferry 
time  would  take  two-and  one-half  days,  and  the  ferry  flight  time  would  take  twenty 
hours.  This  scenario  adds  four  flight  hours  and  one-half  day  to  the  ferrying  costs  to 
account  for  movement  within  the  division.  These  lower  per  mission  figures  represented 
in  the  table  arise  because  the  helicopter  would  be  used  for  two  missions  within  each 
division  and  thus,  the  more  efficient  use  of  the  helicopter  lowers  the  cost  of  mobiliza¬ 
tion/demobilization. 

Table  3.9  shows  the  costs  and  prices  for  each  mission  in  this  scenario.  Total  HLBS 
operating  costs  for  all  missions  falls  to  $225,811.  These  missions  would  now  take  28 
days.  The  total  contractor  price  for  performing  these  missions  would  fall  to  $501,066. 
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Table  3.7  Unit  Operating  Costs 


Co/Co  Scenario; Separate  Projects 

Positioning  System  (UHF) Mission:  FL-IWW 


UNIT  OPERATING  COST  (per  hour) 

Operating  Costs  per  Mission 

Helicopter  Mission  Flight  Hours 

$58,731 

18.4 

Unit  Operating  Cost  ($/Hrs) 

$3,194 

UNIT  OPERATING  COSl  t'oer  Square  Nautical  Mile! 

Operating  Costs  per  Mission 

$58,731 

Number  of  Survey  Hours  14.85 

Coverage  Rate  (Sq  N  Miles/Hr)  0.99 

Square  Nautical  Miles 

14.7 

Unit  Operating  Cost  (S/S.N.M.) 

$4,006 

UNIT  OPERATING  COST  fper  Square  Kilometer) 

Operating  Costs  per  Mission 

$58,731 

Square  Kilometers 

27.15 

Unit  Operating  Cost  ($/Sq  Km) 

$2,163 

1-17 


Table  3.8  Basic  Assumptions 

Co/Co  Scenario 

Positioning  System  (UHF);  Division-Wide 
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Efficiency  Factor  1 5.0% 

(%  Helicopter  Flight,  Laser  Crew 
&  Post  Processing  Costs) 


Table  3.9  Summary  of  Costs  and  Prices 

Co/Co  Scenario  Division-Wide 

With  UHF  Trisponder  Ground  Positioning  System 
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Helicopter  costs  are  less  expensive  in  this  scenario  due  to  the  lower  set  up  time  and 
ferry  time  caused  by  the  Division-wide  scenario  of  grouping  the  missions. 

Table  3.10  shows  a  net  annual  benefit  for  the  scenario  of  $266,409.  At  150  hours 
of  use,  the  annual  savings  would  be  $1,036,300.  In  this  scenario,  the  net  present  value  to 
the  Corps  rises  to  $4,061,222. 

3.4.2  Co /Co:  Corps-Wide  Missions  with  UHF  Trisponder 

Table  3.11  shows  the  basic  assumptions  used  for  the  scenario  of  a  Contractor- 
owned/Contractor-operated  Corps-wide  missions  using  a  UHF  Trisponder.  This  sce¬ 
nario  assumes  the  helicopter  will  be  chartered  to  survey  all  six  missions  as  a  group.  The 
table  shows  the  average  set  up  and  ferry  time  for  each  mission.  The  total  for  all  six 
missions  would  be  two  days  for  set  up,  four  and  one-half  days  for  ferrying  and  thirty- 
six  flight  hours.  An  additional  half-day  and  four  hours  flight  time  have  been  factored 
for  positioning  the  helicopter  between  each  of  the  missions.  Also  note  that  this  scenario 
assumes  the  long-term  daily  lease  rate  of  $1,600  per  day. 

Table  3.12  shows  the  costs  and  prices  considered  in  this  scenario.  Total  expected 
conventional  survey  cost  for  the  scenario  remains  $767,475.  Total  HUBS  operating  costs 
for  all  missions  falls  to  $158,765.  The  survey  now  takes  only  20  days.  The  total  contrac¬ 
tor  price  required  for  performing  all  missions  would  fall  to  $434,020.  Helicopter  costs 
are  less  expensive  in  this  scenario  due  to  the  even  lower  set  up  time  and  ferry  time  due 
to  the  Corps-wide  grouping  of  the  missions.  Laser  crew  and  other  costs  remain  the 
same. 
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Table  3. 10  Net  Present  Value  to  USAC1I 

Co/Co  Scenario 

Positioning  System  (UHF);  Division-Wide _ 
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Table  3. 1 1  Basic  Assumptions 

Co/Co  Scenario 

Positioning  System  (UHF);  Corps-Wide 
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&  Post  Processing  Costs) 


Table  3.12  Summary  of  Costs  and  Prices 

Co/Co  Scenario  Corps- Wide 

With  UHF  Trisponder  Ground  Positioning  System _ 
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Table  3.13  shows  the  net  present  value  based  on  this  scenario.  The 
benefits  used  in  calculating  the  net  present  value  arise  from  the  $333,455  difference 
between  the  total  expected  conventional  cost  and  the  total  price  per  mission.  At  150 
hours  of  use,  the  net  present  value  to  the  Corps  rises  to  $5,083,245. 

3.4.3  Co/Co:  Separate  Missions  with  2-D  GPS 

Table  3.14  shows  the  basic  assumptions  used  for  the  HLBS  analysis.  This  section 
examines  the  scenario  composed  of  a  Con  tractor-owned /Con  tractor-operated  HLBS 
consisting  of  separate  missions  using  2-D  GPS.  The  major  change  in  this  scenario  is  the 
use  of  a  2-D  ground  positioning  system  costing  $220,000,  which  includes  the  cost  of 
twelve  tide  gauges. 

Table  3.15  shows  the  costs  and  prices  used  in  this  scenario.  Total  HLBS  operating 
costs  for  all  missions  remain  the  same  at  $283,276.  The  total  contractor  price  for  per¬ 
forming  all  missions  would  increase,  however,  to  $560,157,  as  a  result  of  the  slightly 
higher  price  of  acquiring  a  2-D  GPS  positioning  system  over  a  UHF  system. 

Table  3.16  shows  the  NPV  to  the  Corps  of  this  scenario.  The  benefits  used  in 
calculating  the  net  present  value  arise  from  the  $207,317  savings  in  total  mission  costs. 

At  a  level  of  150  hours  of  annual  use,  the  net  present  value  to  the  Corps  is  $3,160,413. 

3.4.4  Co/Co:  Separate  Missions  with  3-D  GPS 

Table  3.17  shows  the  basic  assumptions  used  for  the  analysis  of  the  scenario 
composed  of  a  Contractor-owned/Contractor-operated  HLBS  with  separate  missions 
using  a  3-D  GPS.  The  major  change  in  this  scenario  is  the  use  of  a  3-D  ground  position¬ 
ing  system  at  a  cost  of  $100,000,  which  eliminates  the  need  for  tide  gauges.  In  addition, 
the  ratio  of  post-processing  to  survey  hours  has  increased  to  six-to-one  (two  people  at 
six  hours  each).  This  allows  for  the  additional  time  needed  to  process  the  additional 
data  on  tide  levels  from  the  3-D  system. 

Table  3.18  shows  the  costs  and  prices  considered  in  this  scenario.  Total  HLBS 
operating  costs  rise  to  $284,232.  Conversely,  the  total  contractor  price  for  performing  all 
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Table  3.14  Basic  Assumptions 

Co/Co  Scenario 

Positioning  System  (2  0  OPS);  Separate  Projects 
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Table  3.15  Summary  of  Costs  and  Prices 

Co/Co  Scenario  Separate  Projects 
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Table  3.17  Basic  Assumptions 

CofCo  Scenario 

Positioning  System  (3  D  GPS);  Separate  Projects 
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Table  3.18  Summary  of  Costs  and  Prices 

Co/Co  Scenario  Separate  Projects 

With  3-D  GPS  Ground  Positioning  System 


s  §  f| 

5c  s  q] 


cvj 

N- 

o- 

m 

in 

o 

cn 

in 

in 

o 

in 

CD 

o 

CVJ 

r- 

o' 

h-‘ 

in 

CO 

vf 

CD 

CD 

CD 

T— 

rt 

O) 

r*** 

h* 

CO 

N- 

in 

CD 

lo 

cn 

CD 

N- 

CO 

CD 

CO 

CD 

w* 

CD 

O) 

O 

CO 

O) 

o_ 

in 

in 

CD 

CT) 

CO 

oT 

T“* 

CO 

cvj 

<0 

O) 

O) 

co 

O' 

in 

N' 

CO 

in 

h- 

CVJ 

in 

CO 

CM* 

in 

co' 

cvj" 

■O' 

in 

m  «  n  o)  s  in 


omooor-*- 
c\i  co  rr  od  rr  <d 


o 

o 

CD 

0“ 

T — 

O' 

CD 

CD 

CO 

h- 

m 

< 

T— 

•O’ 

C> 

co" 

00 

<D 

CO 

CO 

in 

O' 

CO 

O 

in 

O 

o 

o 

o 

U0 

o 

CD 

O 

o 

fr— 

o 

C'** 

in 

Is* 

in 

r- 

o_ 

o_ 

CD 

CD 

in 

r-T 

CD 

ss 

o 

CD 

N- 

m 

T- 

in 

E  «  E  S 

°  s  I  >  5 

Q-  -  7  =  ~  J 

<8  (D  i  O  <0  (D 

O  Q  LL  I  2  Z 


L 


missions  would  fall  to  $551,354  due  to  helicopter  capita]  costs.  The  total  helicopter  costs 
and  the  laser  crew  costs  have  remained  the  same  but  other  costs  have  risen  as  a  result  of 
higher  post-processing  costs  and  efficiency  costs.  Ground  crew  costs  have  fallen,  but 
not  enough  to  offset  the  other  operating  cost  increases. 

Table  3.19  shows  the  net  present  value  for  this  scenario  rises  to  $3,294,608.  This 
has  resulted  from  a  net  annual  benefit  of  $840,683  for  150  hours  of  HLBS  use 

3.3.6  Go /Co:  Separate  Missions  with  UHF  Trisponder 

Table  3.20  shows  the  basic  assumptions  used  for  the  HLBS  analysis  of  the  scenar¬ 
io  composed  of  a  Government-owned/Contractor-operated  HLBS  with  separate  mis¬ 
sions  using  a  UHF  Trisponder.  The  HLBS  used  would  be  the  operational  prototype  de¬ 
veloped  with  funding  provided  by  USACE  and  the  Canadian  Government.  These 
include  the  annual  maintenance  costs  of  $137,500  along  with  a  UHF  ground  positioning 
system  at  a  cost  of  $200,000.  Table  3.21  shows  the  costs  and  prices  for  this  scenario.  The 
difference  between  this  and  the  base  case  scenario  lies  with  the  net  annual  benefit, 
which  the  Government  would  derive  for  leasing  the  HLBS  to  a  private  contractors.  This 
figure,  shown  in  the  last  column  of  Table  3.21  consists  of  the  difference  between  expect¬ 
ed  conventional  costs  and  HLBS  operating  costs. 

Table  3.22  shows  how  the  net  present  value  is  calculated  based  on  the  USACE 
share  of  development  costs  over  a  three  year  period,  1989  to  1991.  The  benefits  used  in 
calculating  the  net  present  value  arise  from  the  $484,199  net  annual  benefit.  This  figure 
has  been  extrapolated  by  an  annual  dollar  value  of  USACE  contracts  that  rise  from 
$900,000  in  1991  to  $8.6  million  in  1995  and  beyond.  In  this  scenario,  the  net  present 
value  to  the  Corps  is  $6,650,869. 

Table  3.23  shows  the  amortized  first  costs  and  annual  costs  for  the  HLBS  in  this 
scenario.  Using  an  amortization  factor  of  .2054,  based  on  Government  ownership, 
amortized  first  costs  amount  to  $605,946.  This  amount,  added  to  system  maintenance 
costs  of  $137,500  per  year,  yields  a  total  annual  cost  for  the  HLBS  in  this  scenario  of 
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Table  3.19  Net  Present  Value  to  USACE 

Co/Co  Scenario 

Positioning  System  (3-D  GPS);  Separate  Projects _ 
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Table  3.20  Basic  Assumptions 

Go/Co  Scenario 

Positioning  System  (UtiF);  Separate  Projects 
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Table  3.21  Summary  of  Costs  and  Prices 

Go /Co  Scenario  Separate  Projects 

With  UHF  Trisponder  Ground  Positioning  System 
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Table  3.23  Amortized  First  Costs  and  Annual  Costs 

Go/Co  Scenario;Separate  Projects 

Positioning  System  (UHF)  


AMORTIZED  FIRST  COSTS 

Totals 

Commercial  System  Price 

2,750,000 

Positioning  System  (UHF) 

200,000 

Sum  of  First  Costs 

2,950,000 

Amortization  Factor 

0.2054 

Amortized  First  Costs 

$605,946 

ANNUAL  COSTS 

Totals 

Amortized  First  Costs 

$605,946 

System  Maintenance  (%  of  Price) 

$137,500 

Total  Annual  Costs 

$743,446 
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5743,446.  Although  not  used  to  determine  NPV,  this  table  is  indicative  of  the  difference 
in  capital  costs  facing  private  companies  versus  those  facing  the  Government. 


3.5  Comparison  of  Co /Co  Scenarios 

Figure  3.1  compares  the  net  present  values  in  1989  to  the  USACE  of  HLBS  mis¬ 
sion  scenarios  based  on  varying  levels  of  mission  aggregation,  but  all  using  UHF  posi¬ 
tioning.  For  example,  it  shows  that  a  Contractor-owned /Contractor-operated  system 
conducting  the  six  separate  missions  would  produce  a  net  present  value  of  savings 
worth  approximately  $3,185,207  for  the  Corps.  These  results  are  based  on  150  hours  of 
HLBS  use  per  year  and  a  system  cost  of  $2.75  million.  The  net  present  value  increases 
substantially  as  the  six  individual  missions  are  grouped  at  the  division-level  and  then 
again  at  the  Corps  level.  These  gains  are  achieved  because  fewer  days  of 
mobilization/demobilization  occur  when  missions  are  aggregated. 

Figure  3.2  shows  changes  in  the  NPV  for  a  Contractor-owned /Contractor-oper¬ 
ated  HLBS  conducting  the  six  separate  missions  using  the  different  ground  positioning 
systems:  UHF  Trisponder,  two-dimensional  GPS  or  three-dimensional  GPS.  The 
economic  analysis  results  are  relatively  insensitive  to  the  choice  of  positioning  system. 
The  UI  IF  and  2-D  positioning  systems  differ  in  cost  by  only  $20,000.  The  3-D  position¬ 
ing  system,  although  costing  $100,000  less  than  the  UHF  system  and  $120,000  less  than 
the  2-D  system,  has  a  higher  post-processing  cost,  which  largely  offsets  savings  in 
ground  positioning  system  acquisition. 
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Comparison  of  HLBS  Scenarios 
by  Level  of  Mission  Aggreagation 
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Note:  All  scenarios  Contra cfor-Owned/Contractor  Operated  with  UHF  positioning. 


Figure  3.2 

Comparison  of  HLBS  Scenarios 
by  Type  of  Ground  Positioning  System 


hO  CN  *~ 

(000,$)  0n I d A  juasaJd  |©n 


V  i') 


Note:  All  scenarios  Contractor-Owned/Contractor  Operated  as  separate  missions. 


Chapte-  4 

SENSITIVITY  ANALYSIS 


This  section  shows  how  the  results  of  the  economic  analysis  change  under  differ¬ 
ent  assumptions  regarding  costs,  methods  of  operation  and  HLBS  utilization.  It  shows 
that  the  three  most  important  factors  affecting  the  net  present  value  of  the  HLBS  in¬ 
vestment  are  mission  hours,  acquisition  cost  and  helicopter  lease  costs.  Less  important 
factors  in  terms  of  impact  on  system  economics  are  mission  efficiency,  discount  rates, 
and  helicopter  hourly  costs.  All  the  sensitivity  analysis  in  this  section  are  based  on  the 
Co /Co:  separate  projects  with  UHF  positioning  scenario. 

4.1  Cost  Savings  to  Corps 

Figure  4.1  shows  the  percentage  of  the  expected  conventional  costs  saved  given 
increasing  levels  of  annual  mission  hours.  This  graph  demonstrates  the  significant  gains 
to  be  made  especially  in  levels  under  300  hours.  Increasing  utilization  from  100  hours  to 
150  results  in  a  17.9  percent  net  savings  whereas  increasing  utilization  from  600  hours  to 
650,  although  still  beneficial,  only  saves  0.7  percent  of  expected  costs. 

4.2  Mission  Hours.  Acquisition  Cost  and  Helicopter  Lease 

Figure  4.2  shows  how  the  net  present  value  changes  using  a  helicopter  lease  cost 
of  $3,000  per  day  and  various  levels  of  HLBS  acquisition  cost  and  annual  mission  hours. 
At  150  hours  of  use  per  year,  the  Co/Co  breaks  even  at  an  acquisition  cost  of  approxi¬ 
mately  $5  million.  At  100  mission  hours  the  break-even  cost  is  $3.2  million.  At  100 
mission  hours,  an  acquisition  cost  of  less  than  $3.2  million  would  yield  a  positive  net 
present  value.  The  break-even  HLBS  system  cost  at  200  mission  hours  is  $6.7  million;  at 
250  mission  hours  it  is  $8.4  million;  and  at  300  mission  hours  it  is  $10.1  million.  At  the 
acquisition  cost  of  $2.75  million  and  150  hours  of  use  in  the  analysis,  the  net  present 
value  of  survey  cost  savings  to  the  Corps  is  $3.2  million. 
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Figure  4.  1 

Annual  Cost  Savings  to  Corps  from  HLBS 

Co/Co:  Separarte  Projects  with  UHF  Positioning 
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HLBS  Acquisition  Cost 


Figure  4.3  shows  the  sensitivity  to  mission  levels  for  helicopter  lease  costs  of 
$1,600  per  day.  This  lower  cost  would  be  typical  of  lengthier  helicopter  lease 
periods.  At  100  annual  mission  hours,  the  break-even  acquisition  cost  would  be  $3.6  million; 
at  150  mission  hours  it  would  be  $5.5  million;  at  200  mission  hours  it  would  be 
$7.4  million;  at  250  mission  hours  it  would  be  $9.3  million;  and  at  300  mission 
hours  it  would  be  $11.2  million. 

4.3  Costs  and  Utilization 

The  results  in  the  earlier  figures  reveal  that  NPV  is  sensitive  to  both  mission 
hours  and  acquisition  costs.  The  reason  acquisition  costs  exert  such  a  pull  is  that  the 
HLBS  has  a  high  ratio  of  fixed  costs  to  total  costs.  Figure  4.4  shows  the  allocation  of 
amortized  acquisition  costs  and  maintenance  costs  per  hour  at  various  levels  of  annual 
mission  hours.  As  the  number  of  mission  hours  increase,  the  annual  cost  per  mission 
hour  decreases.  For  example,  these  costs  fall  in  half  from  $10,707  per  hour  at  100  hours 
of  use  to  $5,354  per  hour  at  200  hours  of  use. 

4.4  F.fficiency 

One  of  the  operational  characteristics  built  into  the  analysis  was  an  efficiency 
factor.  This  adds  an  additional  cost  premium  to  accommodate  for  lost  time  due  to  the 
helicopter  resetting  itself  after  making  a  turn  or  a  loop,  having  to  backtrack  to  resurvey 
a  missed  area,  and  other  such  contingencies.  This  factor  adds  a  percentage  of  the  heli¬ 
copter  charter,  laser  crew  and  post  processing  costs  back  into  the  operating  cost  per 
mission.  As  such,  the  sensitivity  analysis  conducted  on  the  efficiency  factor  raises 
operating  costs  and  can  be  viewed  as  a  means  of  testing  sensitivity  on  a  wide  range  of 
other  operating  cost  components  such  as  costs  of  the  labor,  per  diem,  ground  transpor¬ 
tation,  number  of  crew  and  so  forth.  Figure  4.5  shows  the  net  present  value  of  the 
system  at  various  levels  of  efficiency  for  both  the  sepcuale  projects  and  Corps- wide 
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Mission  Hours  —  Co/Co 


scenarios.  At  a  zero  percent  efficiency  factor  for  the  separate  projects  scenario,  the  net 
present  value  is  over  $3.3  million.  This  net  present  value  descends  in  a  straight  line  as 
the  efficiency  rises.  At  60  percent  added  cost  for  efficiency,  the  net  present  value  of  the 
system  falls  to  $2.7  million.  At  an  additional  150  percent  efficiency  factor,  the  net 
present  value  falls  to  $1.7  million.  At  this  rate  it  would  require  an  efficiency  factor  of 
306  percent  to  reach  zero,  the  break-even  point.  This  insensitivity  to  increases  in  operat¬ 
ing  costs  is  charaUerist’/'  of  a  product  or  process  with  high  fixed  costs  such  as  the  acqui¬ 
sition  cost  and  the  mobilization /demobilization  costs. 

Under  a  Corps-wide  scenario,  the  net  present  value  is  higher  for  each  efficiency 
factor  due  to  the  lower  average  cost  of  mobilization  and  demobilization,  otherwise  the 
same  low  rate  of  decline  applies. 

4.5  Other  Factors 

Sensitivity  analyses  could  be  performed  for  every  single  assumption  made  in  the 
study.  As  mentioned  in  the  previous  paragraph,  however,  most  of  the  parameters  can 
be  considered  incorporated  under  the  efficiency  factor  sensitivity.  This  section  looks  at 
two  more  factors  worthy  of  consideration:  one  which  would  fall  under  the  etiiciency 
factor,  but  is  worth  viewing  in  the  open,  and  another  which  was  not  covered. 

4.5.1  Discount  Rates 

In  financial  analysis,  the  internal  rate  of  return  (IRR)  is  the  discount  rate  at  which 
the  net  present  value  of  an  investment  turns  to  zero.  This  is  a  useful  piece  of  informa¬ 
tion  in  conducting  any  analysis  to  make  sure  that  the  advocates  for  the  investment  have 
not  selected  a  discount  rate  that  was  just  low  enough  to  prove  their  point  correct.  In 
many  investments,  the  difference  between  an  eight  percent  discount  rate  and  a  ten 
percent  discount  rate  makes  all  the  difference  between  accepting  or  rejecting  a  given 
project.  There  is  no  IRR  for  the  Co/Co  scenario  because  it  does  not  consider  a  cost 
to  the  USACE,  but  rather  only  a  series  of  benefits.  Presumably,  the  Corps  would  choose 
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not  to  contract  out  projects  it  they  became  more  expensive  than  its  in-house  capabilities. 
The  private  contractor,  who  must  purchase  the  HLBS,  bears  the  initial  cost  in  this  sce¬ 
nario.  Increasing  the  OMB  rate  of  return  from  ten  percent  to  25%  and  the  private  dis¬ 
count  rate  trom  25  to  50  percent,  however,  will  reduce  the  net  present  value  of  the  HLBS 
to  the  Corps  to  $316,321.  These  rates  are  high  enough  to  show  that  the  choice  of  rates 
were  not  held  low  enough  to  successfully  advocate  for  the  HLBS. 

4.5.2  Hourly  Helicopter  Costs 

The  daily  lease  cost  has  been  subject  to  some  sensitivity  testing  already,  switching 
from  $1,600  to  $3,000  depending  on  the  scenario.  The  hourly  helicopter  cost,  however, 
has  been  held  constant  throughout  the  analysis  at  $660.  Increasing  this  hourly  cost  by 
$1,000  would  have  a  significant,  but  not  critical  effect  on  the  analysis  by  reducing  the  net 
present  value  to  $431,667.  The  reason  for  this  steep  decline  is  that  while  there  are  only 
38.6  survey  hours  included  in  the  analysis,  each  mission  requires  an  additional  16  flight 
hours  for  mobilization  and  demobilization.  But  shifting  from  the  separate  project  sce¬ 
nario  to  the  Corps-wide  scenario  which  has  only  one  sixteen-hour  mobilization  and 
demobilization,  with  an  additional  four  hours  of  flight  time  between  missions,  the  net 
present  value  is  restored  to  a  lofty  $3,244,413. 

The  conclusion  that  can  be  reached  from  this  and  from  many  of  the  other  sensitiv¬ 
ity  analyses  is  that  whereas,  for  the  sake  of  conducting  an  economic  analysis,  many 
assumptions  have  been  given  a  single  value  which  time  may  prove  did  not  predict  their 
exact  value  in  the  marketplace  three  years  hence,  even  great  changes  in  many  of  these 
factors  will  not  upset  the  conclusion  of  the  analyses.  Moreover,  USACE  has  the  capacity 
to  offset  declines  in  this  NPV  with  institutional  or  management  adjustments  such  as 
altering  the  way  it  contracts  for  its  survey  projects. 
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Chapter  5 

COMMERCIALIZATION  OF  HLBS  TECHNOLOGY 


This  chapter  ties  together  a  number  of  issues  which  will  affect  the  commercializa¬ 
tion  of  HLBS  technology.  It  first  discusses  the  U.S.  and  world  markets  for  hydrographic 
surveys  and  points  out  some  areas  which  may  have  promise  for  application  of  the 
HLBS.  This  chapter  also  explores  the  value  of  the  improved  survey  data  quality  avail¬ 
able  with  HLBS.  The  chapter  next  describes  some  problems  which  would  have  to  be 
resolved  to  operate  the  HLBS  in  a  fixed-wing  aircraft.  It  concludes  with  a  discussion  of 
two  issues:  changes  in  how  USACE  contracts  surveys  and  the  need  to  refine  the 
economic  analysis  of  HLBS  after  the  operational  prototype  system  has  been  tested. 

5.1  Market  for  HLBS 

While  its  technical  performance  will  ultimately  determine  the  level  of  demand  for 
HLBS,  there  is  a  degree  of  uncertainty  surrounding  this  because  only  one  such  system 
has  been  successfully  employed.  (This  is  the  Larsen  500  system  being  flown  on  behalf  of 
the  Canadian  Government  in  a  DC-3  aircraft  by  Terra  Surveys.)  Until  constraints  such 
as  the  specific  depths  of  operation  and  other  conditions  can  be  tested,  the  size  of  the 
market  for  HLBS  surveys  is  difficult  to  estimate.  The  world  contains  many  coastal  areas 
which  are  either  unsurveyed  or  for  which  no  recent  surveys  are  available.  With  these  in 
mind,  it  is  useful  to  enumerate  the  potential  uses  for  airborne  lidar  bathymeter  systems. 

The  commercial  and  military  hydrographic  survey  markets  are  relevant  HLBS 
opportunities  as  well  as  other  potential  applications  of  this  technology  such  as  antisub¬ 
marine  warfare  or  mine  clearance.  However,  the  analysis  below  concentrates  on  the 
hydrographic  survey  market.  An  Optech  research  report  notes  that  less  than  20  percent 
of  the  world's  coastal  waters  have  had  recent  hydrographic  surveys.  ^  Table  5.1  shows 

^Optech,  Incorporated  "Market  Potential  for  a  Helicopter-Borne  Scanning  Lidar 
System,"  undated,  page  2. 
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those  countries  of  the  world  which  regularly  attend  International  Hydrographic  Organ¬ 
ization  meetings  and  have  active  survey  programs.  An  asterisk  denotes  those  countries 
which  have  existing  or  planned  procurements  of  airborne  survey  systems. 

5.1.1  U.S.  Market 

The  Corps  of  Engineers  represents  one  market  of  interest  for  commercial  hydro- 
graphic  surveys.  Table  5.2  shows  the  estimated  hydrographic  survey  budget  of  the 
Corps  of  Engineers  by  field  office  in  FY  1983.  Discussions  with  the  Chief  of  Survey  for 
the  Corps  indicate  that  the  hydrographic  survey  budget  is  not  broken  out  separately  but 
that  FY  1983  provides  a  representative  baseline  spending  level  for  this  activity  at  the 
Corps.  Table  5.2  also  shows  whether  and  how  these  offices  responded  to  the  Corps  of 
Engineers  information  request  regarding  HLBS  potential  for  survey  missions. 

To  ascertain  the  likely  level  of  a-  mual  hydrographic  survey  missions  which  could 
be  performed  using  HLBS,  a  more  detailed  investigation  of  the  survey  data  was  under¬ 
taken.  In  this  case,  district  offices  were  asked  whether  HLBS  potentially  could  be 
employed  to  conduct  surveys  of  the  specific  project  sites  listed.  These  data,  along  with 
historic  cost  of  survey  and  survey  frequency  (number  of  times  performed  per  year) 
were  used  to  estimate  an  annual  dollar  value  of  HLBS  surveys  as  reported  by  the  Corps 
offices.  Table  5.3  contains  the  results  of  this  analysis.  The  table  shows  that  the  volume 
of  work  which  was  reported  as  potentially  surveyable  with  HLBS  technology  total 
slightly  more  than  $2.8  million  per  year.  As  shown  above  in  Table  5.2,  some  offices  did 
not  respond  to  the  survey  while  others  indicated  no  HLBS  potential  for  survey  missions 
within  their  office.  These  two  groups  accounted  for  almost  40  percent  of  the  survey 
responses. 

There  is  some  question  as  to  the  ultimate  level  of  survey  missions  that  could  be 
performed  with  HLBS.  For  example,  the  Seattle,  Washington,  office  indicated  no  HLBS 
potential  while  the  Portland,  Oregon,  office  which  operates  in  similar  waters  with 
respect  to  clarity,  turbidity  and  depth,  indicated  several  potential  HLBS  missions. 

Thus,  there  may  be  reasons  to  believe  that  the  estimates  in  Table  5.3  above  are  conserva- 
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Table  5.1 


COUNTRIES  WHICH  MAY  BENEFIT  FROM  HLBS 


Argentina 

West  Germany 

Philippines 

if 

Australia 

Greece 

Portugal 

Belgium 

Guatemala 

Singapore 

Brazil 

Iceland 

Spain 

Canada* 

India 

Sri  Lanka 

Chile 

Indonesia 

Sweden* 

People's  Republic  of  China 

Italy* 

Trinidad /Tobago 

Cuba 

Japan 

Turkey 

Denmark* 

Korea 

USSR 

Dominican  Republic 

Malaysia 

United  Kingdom 

Ecuador* 

Netherlands* 

United  States*+ 

Egypt 

New  Zealand 

Venezuela 

Fiji 

Norway* 

Yugoslavia 

* 

France 

Peru 

Have  plans  to  procure  airborne  hydrographic  system. 

+U.S.  Government:  National  Oceanographic  Survey,  Defense  Mapping  Agency,  U.S. 
Navy  Oceanographic  Office,  Corps  or  Engineers. 

Source:  Optech,  Inc.  telecon  1/13/89. 
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Table  5.2 


FIELD  OFFICE  RESPONSE  TOHLBS  SURVEY  AND  BUDGET  AFFECTED 


Survey  Response 


1983 

Budget 

Some 

No 

No 

FOA 

Office 

Type 

(SMillions) 

Potential 

Potential 

Response 

LMK 

Vicksburg,  MS 

DIST 

$1.7 

X 

LMM 

Memphis,  TN 

DIST 

0.7 

X 

LMN 

New  Orleans,  LA 

DIST 

3.8 

X 

LMS 

St.  Louis,  MO 

DIST 

0.4 

X 

MRO 

Missouri  River 

DIV 

0.1 

X 

MRK 

Kansas  City,  MO 

DIST 

0.1 

X 

MRO 

Omaha,  NB 

DIST 

0.2 

X 

NAB 

Baltimore,  MD 

DIST 

0.6 

X 

NAN 

New  York,  NY 

DIST 

0.5 

X 

NAO 

Norfold,  VA 

DIST 

0.9 

X 

NAP 

Philadelphia,  PA 

DIST 

0.9 

X 

NCB 

Buffalo,  NY 

DIST 

0.4 

X 

NCC 

Chicago,  IL 

DIST 

NIL 

X 

NCE 

Detroit,  MI 

DIST 

7.4 

X 

NCR 

Rock  Island,  IL 

DIST 

0.5 

X 

NED 

New  England 

DIV 

2.1 

X 

NPA 

Anchorage,  AK 

DIST 

1.8 

X 

NPP 

Portland,  OR 

DIST 

1.2 

X 

NPS 

Seattle,  wa 

DIST 

0.3 

X 

NPW 

Walla  Walla,  WA 

DIST 

0.2 

X 

ORH 

Huntington,  wv 

DIST 

0.3 

X 

ORL 

Louisville,  KY 

DIST 

0.2 

X 

ORN 

Nashville,  TN 

DIST 

NIL 

X 

ORP 

Pittsburgh,  PA 

DIST 

0.1 

X 

POD 

Pacific  Ocean 

DIV 

0.3 

X 

SAC 

Charleston,  SC 

DIST 

NIL 

X 

SAJ 

Jacksonville,  FL 

DIST 

2.3 

X 

SAM 

Mobile,  AL 

DIST 

2.5 

X 

SAS 

Savannah,  GA 

DIST 

0.2 

X 

SAW 

Wilmington,  NC 

DIST 

0.6 

X 

SPK 

Sacramento,  CA 

DIST 

0.2 

X 

SPL 

Los  Angeles,  CA 

DIST 

0.3 

X 

SPN 

San  Francisco,  CA 

DIST 

0.4 

X 

SWA 

Albuqurque,  NM 

DIST 

NIL 

X 

SWF 

Fort  Worth,  TX 

DIST 

NIL 

X 

SWG 

Galveston,  TX 

DIST 

1.5 

X 

SWL 

Little  Rock,  AR 

DIST 

0.4 

X 

SWT 

Tulsa.  OK 

DIST 

0.1 

X 

Total  and  Amount  ($Millions) 

$32.1 

$20.0 

$6.6 

$5.5 

By  Response  Category 

(62.3%) 

20.6%) 

(17.1%) 

♦Excludes  dredge  payment  surveys 

Sources:  Budget  data  from:  CERC,  "Helicopter-Mounted  Lidar  Bathymetic 

System,  Field  Working  Group  Presentation,"  July  13,  1988,  p.  10. 
Survey  responses  tabulated  by  GRA. 
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Table  5.3 


REPORTED  ANNUAL  VALUE  OF  HLBS  SURVEYS  FOR 
SELECTED  CORPS  OF  ENGINEERS  OFFICES 
($000  - 1988) 


Office 

Amount 

Anchorage,  AK  District 

$45.3 

Wilmington,  NC  District 

96.1 

Detroit,  MI  District 

760.8 

Galveston,  TX  District 

82.4 

Jacksonville,  FL  District 

735.8 

Rock  Island,  IL  District 

30.0 

New  England  Division 

372.0 

Norfolk,  VA  District 

211.8 

Philadelphia,  PA  District 

255.6 

Pacific  Ocean  Division 

35.0 

St.  Paul,  MN  District 

210.0 

Total 

•Total  does  not  add  due  to  rounding. 


Source:  Analysis  of  Corps  survey  results. 

because  of  discrepancies  in  data.) 


(Does  not  include  New  York  City  District 
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tive.  If,  however,  the  Corps  of  Engineers  can  achieve  a  positive  return  on  its  investment 
by  applying  HLBS  to  about  $2.8  million  a  year  of  conventional  surveys,  extrapolation  of 
these  conclusions  to  a  larger  HLBS  potential  would  yield  proportionally  greater  savings. 

There  is  some  information  about  the  U.S.  survey  market  not  covered  in  the  Corps 
requirements.  A  number  of  government  agencies  conduct  hydrographic  surveys  using 
in-house  personnel  and  equipment.  The  propensity  of  such  organizations  to  acquire 
HLBS  technology  is  unknown,  yet  some  of  these  entities  have  investigated  airborne 
lidar  bathymeter  systems  in  the  past  (e.g.,  the  U.S.  Navy  HALS  System).  According  to 
Nield^,  the  Defense  Mapping  Agency  (DMA)  has  a  fundamental  survey  backlog 
amounting  to  about  200  ship-years  of  work.  The  coastal  survey  operation  is  down  to 
one  400-foot  ship  and  her  four  36-foot  launches. 

According  to  Enabnit3,  the  nautical  charting  plan  of  the  National  Ocean  Survey 
(NOS)  identifies  the  need  for  additional  survey  data  to  eliminate  or  resolve  the  chart 
deficiencies.  The  NOS  survey  requirements  have  been  organized  into  scheduled  and 
unscheduled  surveys  based  on  the  priority  of  the  survey.  Unscheduled  surveys  are 
those  for  which  documented,  acknowledged  requirements  exists,  but  for  those  that  NOS 
does  not  have  adequate  vessels  and  resources.  The  author  gives  a  table  of  examples  of 
required  surveys  that  are  beyond  the  capacity  of  NOS  which  are  classified  as  unsched¬ 
uled.  (See  Table  5.4) 

According  to  Enabnit,  it  has  been  estimated  that  the  list  of  unscheduled  surveys 
contains  three  times  as  much  work  as  the  list  of  scheduled  surveys.  There  are  100,000 
square  nautical  miles  of  critical  hydrography  that  have  been  identified  for  surveying 
during  the  current  decade.  The  average  survey  rate  of  6,000  square  nautical  miles  per 

^Van  K.  Nield,  "Airborne  Laser  Hydrography  in  the  United  States,"  presented  at 
the  Laser  Hydrography  Symposium  Defense  Research  Center,  Adelaide,  Australia, 
September  30-October  3,  i980,  pp.  3. 

3David  B.  Enabnit,  "Airborne  Laser  Hydrography,"  NOAA  Technical  Memoran¬ 
dum  OTES  4,  Rockville,  MD,  May  1982,  pp.  i2-15. 
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Table  S.4 

EXAMPLES  OF  UNSCHEDULED  SURVEYS 


Maine  coast,  inshore  areas  (areas  from  Isle  of  Shoals  to  Canadian  border,  including 
harbor  surveys  of  Bangor  and  Bath) 

Albemarle  Sound  and  tributaries  (including  harbor  survey  of  Elizabeth  City,  NC) 
Delaware  Bay  (inshore)  (DE,  NJ) 

Hudson  River  (NY  Harbor  to  north  of  Troy,  NY;  Lake  Champlain;  and  Lake  George) 
Boque  Inlet  (NC) 

Florida  Intracoastal  Waterway  (Jacksonville  to  Miami) 

Southwest  coast  of  Florida  and  Florida  Bay 

South  coast  of  Long  Island  (including  the  bays)  and  New  Jersey  coast  out  to  11-fathom 
curve 

Lake  Michigan  (Wilmette  to  Waukeegan,  IL) 

New  York  State  Barge  Canal  (Troy  to  Tonawanda,  NY)  (including  Seneca,  Cayuga,  and 
Oneida  Lakes) 

Raritan  Bay  and  River  (NJ) 

Rappahannock  River  (VA) 

St.  Lawrence  River  (Lake  Ontario  to  Cornwell,  ON) 

Gardiners  Bay  and  Peconic  Bay  (NY) 

Vermilion  Bay,  White  Lake,  and  Grand  Lake  (LA)  Sabine  Lake  (TX) 

Oshkosh  to  New  London  (including  Lakes  Butte  des  Morts,  Poyqan,  Winneconne,  and 
Partridge  and  the  Upper  Fox  and  Wolfe  Rivers)  (WI) 

New  River  to,  and  including,  Jacksonville  (NC) 


Source:  David  B.  Enabnit,  "Airborne  Laser  Hydrography,"  NOAA  Technical  Memoran¬ 
dum  UTOS,  Rockville,  MD,  May  1982,  pp.  13. 
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year  will  leave  40,000  square  nautical  miles  unsurveyed  by  1990.  The  author  then  looks 
at  the  future  workload  and  notes  the  following: 

o  In  the  last  ten  years,  there  has  been  a  55  percent  increase  in  U.S.  water 
borne  commerce; 

o  In  the  last  ten  years,  energy  exploration  and  production  in  U.S.  coastal 
waters  has  almost  doubled; 

o  More  than  100,000  people  are  employed  off-shore; 

o  More  than  114  million  people,  53  percent  of  the  U.S.  population,  live  in  a 
coastal  zone; 

o  Almost  55  percent  of  the  total  U.S.  industrial  base  is  in  a  coastal  zone; 

o  New  off-shore  oil  and  gas  tracts  should  cost  more  than  $7  billion  and  port 
and  harbor  construction  exceeds  $1  billion  annually. 

These  activities  make  use  of  NOS  marine  charts  and  their  growth  indicates  growth  in 

the  hydrographic  surveying  requirement. 

The  author  then  goes  on  to  list  the  following  anticipated  changes  in  user  re¬ 
quirements  that  will  increase  the  required  amount  of  surveying: 

o  The  Congressional  mandate  for  fishing  obstruction  charts  must  be  met; 

o  The  use  of  deep  draft  vessels,  particularly  super  tankers,  will  increase; 

o  Recreational  boating  in  fresh  water,  rivers  and  lakes  will  increase; 

o  Competition  for  the  use  of  off-shore  resources  will  intensify  along  with  the 

demand  for  conserving  these  resources  and  protecting  the  environment. 

o  Bureau  of  Land  Management  and  the  United  States  Geological  Survey 

(USGS)  needs  for  managing  and  evaluating  off-shore  oil  and  gas  resources 
must  be  met; 

o  Demands  for  up-to-date  NOS  bathymetric  maps  and  Topographic- 
Bathymetric  maps  being  produced  in  cooperation  with  theUSGS  will 
increase; 

o  The  Defense  Mapping  Agency's  plans  for  surveys  outside  of  the  U.S. 
waters  will  increase. 

According  to  Norden  and  Litts*,  in  the  Western  Gulf,  limited  areas  are  candi¬ 
dates  for  laser  bathymetry.  The  southern  half  of  Laguna  Madre,  Texas,  is  surveyable  by 

^Maxim  F.  Van  Norden  and  Steven  E.  Litts,  "The  Transparency  of  Selected  U.S. 
Coastal  Waters  with  Applications  to  Laser  Bathymetry,"  Naval  Postgraduate  School, 
Monterey,  CA,  Master s  Thesis,  September  1979,  pp.  47-48. 
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laser  bathymetry  from  November  through  February.  The  area  from  Matagorda  Bay  to 
Sabine  Pass  off  Texas  is  surveyable  all  year  up  to  depths  of  10  to  20  fathoms.  West  of 
the  Mississippi  Delta,  and  possibly  to  the  Sabine  Pass,  a  strip  from  outside  local  estu¬ 
aries  and  bays  to  the  10-fm  depth  contour  is  available  to  laser  bathymetry  from  March  to 
October. 


According  to  the  authors,  the  Eastern  Gulf  Coast  area  is  the  area  best-suited  to 
laser  bathymetry.  Off  Florida  from  Panama  City  to  the  Panama  Keys,  an  area  of  30,000 
square  nautical  miles  bordered  by  the  30-fm  depth  contour  may  be  surveyed  by  laser 
bathymetry  during  June  through  September,  and  a  reduced  area  bordered  by  the  20-fm 
depth  contour  all  year.  From  Panama  City  to  the  Eastern  Mississippi  Delta,  an  area  of 
8,800  square  nautical  miles  bordered  by  the  20-fm  depth  contour  is  surveyable  from 
October  to  December. 

According  to  Enabnit,  Williams,  and  Skove^,  in  their  study  concerning  the  sur- 
veyability  of  ten  U.S.  sites,  they  conclude  that  the  results  of  their  study  indicate  that 
there  is  a  large  amount  of  area  surveyable  by  laser.  Table  5.5  shows  the  locations, 
estimated  maximum  area  surveyable,  estimated  maximum  depths  reached,  the  optimal 
seasons  for  surveying  and  the  confidence  in  the  estimates  that  they  obtained. 


LL2  Non-U.S.  Market 


A  recent  United  Nations  report  has  assessed  the  state  of  hydrographic  surveying 
worldwide.**  While  it  does  not  specifically  speak  to  laser  hydrography,  such  as  that 


produced  by  HLBS,  the  sheer  magnitude  of  worldwide  survey  needs  points  to  a  large 


^  David  B.  Enabnit,  Jerome  Williams,  and  Frederick  A.  Skove,  "An  Estimate  of  the 
Area  Surveyable  with  an  Airborne  Laser  Hydrography  System  at  Ten  U  S.  Sites," 

NOAA  Technical  Report  OTES  5,  Rockville,  MD,  1981,  p.  15. 


^United  Nations  Economic  and  Social  Council, 


y-4'i  f  in  ^K^*K4trir»)r»i-Vi 


ii 


Table  5.5 


ESTIMATES  OF  THE  MAXIMUM  AMOUNT  OF  AREA 
SURVEYABLE  BY  LASER  AT  TEN  IJ.S.  SITES 


Location 

Estimated 

Max.  Area 
Survevable 

Estimated 

Max.  Depth 
Reached 

Optimum 

Season 

Confidence 
In  Estimates 

Chesapeake  Bay 
(Northern  Half) 

1,460  KM2 

9-10  Meters 

Autumn 

Low 

Chesapeake  Bay 
(Southern  Half) 

2,850  KM2 

9-11  Meters 

Autumn 

Medium 

James  River 
(Lower  End) 

161  KM2 

3-4  Meters 

Summer 

Low 

Tampa  Bay 

785  KM2 

10-11  Meters 

Medium 

Nantucket  Sound 

2,970  KM2 

18  Meters 

Medium 

Gulf  of  Mexico 
(One  Section  North 
of  Tampa  Bay) 

6,500  KM2 

21-30  Meters 

Low 

Lake  Erie 

24,160  KM2 

18  Meters 

Summer 

Low 

Lake  Ontario 

7,125  KM2 

8-11  Meters 

Winter 

Low 

Lake  Huron 

35,670  KM2 

35  Meters 

Summer 

Low 

New  York  Harbor 

280  KM2 

7  Meters 

Summer 

Low 

Source:  David  B.  Enabnit,  Jerome  Williams,  and  Frederick  A.  Skove,  "An  Estimate  of  the 
Area  Surveyable  with  an  Airborne  Laser  Hydrography  System  of  Ten  U.S.  Sites,"  NOAA 
Technical  Report  OTES  5,  Rockville,  MD,  1981,  p.  lb. 
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potential  market  for  HLBS-type  equipment.  The  principal  findings  of  this  study  include 
the  following: 

o  About  one-half  of  the  world's  maritime  states  have  no  hydrographic 
capability. 

o  Of  the  almost  100  million  square  kilometers  studied,  only  31  percent  is 
considered  to  be  adequately  surveyed. 

o  The  main  needs  are  in  developing  coastal  states  where  the  lack  of 

adequate  surveys  and  nautical  charts  retards  maritime  comnjprce,  fishing 
and  resource  exploitation  and  hence  economic  development/ 

o  The  largest  needs  (in  terms  of  percent  of  total  area  requiring  surveys)  are 
in  Africa  and  Australia. 

The  fact  that  many  areas  of  the  world  are  unsurveyed  or  require  resurveying 
may  result  from  a  lack  of  available  resources  to  dedicate  for  hydrographic  surveying. 
HLBS  technology,  because  of  the  large  potential  increases  in  survey  productivity,  offers 
the  opportunity  to  meet  survey  needs  in  coastal  areas  and  in  certain  inland  water 
bodies. 

A  prior  study  has  explored  the  potential  of  laser  bathymeter  surveys  in  Southeast 
Asia.  According  to  Murdock8,  there  are  narrow  strips  along  parts  of  the  coastline  of 
Southeastern  Asia  and  Indonesia  where  laser  bathymetry  systems  may  offer  advantages 
of  speed,  economy  and  accessibility  in  surveying.  According  to  the  author,  due  to  the 
scarcity  of  data  and  the  small  scale  of  the  charts,  the  exact  dimensions  of  these  strips 
cannot  be  ascertained.  Also,  the  limits  of  surveyable  areas  vary  over  time.  Though  the 
author  does  not  give  a  quantifiable  amount  of  surveyable  areas,  he  does  consider  a 
number  of  areas  at  different  times,  and  implies  that  depending  on  the  season,  the  possi¬ 
bility  of  laser  surveying  may  exist.  (See  Table  5.6). 


7Ibid.  p.  39. 

8John  H.  Murdock,  "The  Transparency  of  Southeast  Asian  and  Indonesian  Wa¬ 
ters,"  Naval  Postgraduate  School,  Monterey,  CA,  Master's  Dissertation,  March  1980,  pp. 
72. 
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Table  5.6 


POSSIBLE  SURVEY  ABLE  AREAS 
TN  SOI  JTHF.AST  ASIAN  AND  INDONESIAN  WATERS 

Jakarta  Approaches,  Apr-Jun 
Jakarta  Approaches,  Jul-Sep 
Jakarta  Approaches,  Oct-Dec 
Java  Sea,  Jan-Mar 
Java  Sea,  Apr-Jun 
Java  Sea,  Jul-Sep 
Java  Sea,  Oct-Dec 
Java  Sea,  entire  year 

Makassar  Strait,  Flores  Sea  and  Bali  Sea,  entire  year 

Malacca  Strait,  Dec-Apr 

Bangkok  Approaches,  Apr-Oct 

Bangkok  Approaches,  Nov-Dec 

Gulf  of  Thailand,  entire  year 

South  China  Sea  (Southern  Section),  entire  year 

South  China  Sea  (Northern  Section),  Apr-Nov 

South  China  Sea  (Northern  Section),  Dec-Mar 

East  China  Sea,  entire  year 


Source:  John  H.  Murdock,  "The  Transparency  of  Southeast  Asian  and  Indonesian  Waters," 
Naval  Postgraduate  School,  Monterey,  CA,  Master's  Dissertation,  March  1980,  pp.  134-151. 
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5.2  HLBS  Production  Costs  in  Commercial  Quantities 


The  ultimate  number  of  HLBS  systems  produced  will  likely  define  the  unit  cost  of 
each  system.  That  is,  the  cost  of  the  operational  prototype  HLBS  as  produced  for  the  Corps 
of  Engineers  is  likely  to  be  higher  than  if  HLBS  was  produced  in  modest  quantities  for  the 
commercial  market.  Costs  embedded  in  the  Corps  system  such  as  software  development 
and  operational  testing  would  not  apply  to  commercial  versions.  The  analysis  does  not 
assume  any  recoupment  of  development  costs  by  the  Corps  of  Engineers  for  later  systems 
which  have  reached  the  market  as  a  result  of  its  development  efforts. 

Optech  has  developed  an  order-of-magnitude  estimate  which  indicate  that  if  twen¬ 
ty-five  systems  were  produced,  the  unit  cost  would  fall  to  approximately  $2.75  million. 
While  some  uncertainty  surrounds  this  estimate,  the  sensitivity  analysis  indicates  that 
there  be  a  margin  between  the  expected  cost  in  commercial  quantities  versus  the  cost  of  the 
proof-of-concept  HLBS  to  allow  for  price  increases,  yet  not  invalidate  the  results  of  the 
benefit-cost  analysis.  A  key  consideration  in  the  cost  of  commercial  HLBS  systems  will  be 
the  technical  and  economic  performance  of  the  system.  The  estimate  above  is  for  a  system 
equivalent  to  the  Corps  of  Engineers  operational  prototype. 

5.3  Fixed-Wing  Platform  for  Airborne  Lidar  Bathymeter  Systems 

The  Canadian  Government  uses  an  airborne  lidar  bathymeter  system  flying  in  a 
DC-3  aircraft,  but  this  system  has  several  differences  from  the  HLBS.  This  system,  known 
as  the  Larsen  500,  operates  with  a  laser  pulse  speed  of  25  pulses  per  second  or  1  /8th  the 
rate  of  the  HLBS  laser.  Moreover,  the  DC-3  has  a  mission  speed  of  up  to  100  knots,  ap¬ 
proximately  five  times  the  speed  contemplated  for  HLBS  missions  in  the  base  case  making 
comparison  between  the  technical  performance  of  the  Larsen  500  and  the  HLBS  inappro¬ 
priate. 
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Mounting  an  HLBS  200  hertz  laser  in  a  fixed-wing  platform  would  reduce  data 
density  by  a  factor  of  four.  This  is  based  on  using  an  aircraft  such  as  the  DeHavilland 
Twin-Otter  (DHC-6)  which  operates  at  speeds  of  about  80  knots.^  The  data  density  of  this 
system  could  be  increased  by  flying  it  at  lower  altitudes  than  the  helicopter  or  increasing 
the  laser  repetition  or  firing  rate.  Flying  additional  paths  or  flying  with  the  laser  head  in 
the  profile  or  fixed  position  could  also  increase  data  density.  However,  for  any  given  alti¬ 
tude  and  laser  repetition  rate,  the  helicopter  will  gather  more  dense  data  because  it  is 
possible  to  fly  it  at  much  slower  speeds.  One  can  infer  then  that  a  fixed-wing  platform 
would  not  be  suitable  for  Corps  missions  unless  the  data  density  requirements  were  re¬ 
laxed.  (The  mission  analysis  contained  in  this  report  uses  a  helicopter  speed  of  20  knots 
and  an  altitude  of  200  meters  to  produce  spot  spacing  of  about  five  meters  in  the  regions  of 
no  overlap  and  lesser  distances  in  the  regions  of  overlap.^®) 

The  absolute  level  of  helicopter  operating  costs  are  high  relative  to  a  fixed  wing 
aircraft  platform.  The  specific  cost  advantage  of  the  airplane  would  partially  offset  the 
inefficiency  of  the  increased  turning  radius  needed  to  reacquire  tracks  where  multiple 
tracks  are  required  to  complete  a  mission.  A  fixed-wing  platform  would  be  most  appro¬ 
priate  for  surveys  which  have  long  tracks  and  do  not  require  dense  data. 

5.4  Value  of  Improved  Survey  Data  Quality 

The  high  speed  at  which  the  HLBS  acquires  useful  data  indicates  that  its  survey 
results  will  contain  many  times  more  soundings  per  area  of  coverage  than  conventional 
methods.  The  study  attributes  no  separable  value  to  the  additional  density  of  data 
gathered  over  conventional  surveys^  In  addition,  the  high  production  rate  of  the  HLBS 
means  that  additional  survey  area  can  be  covered  within  a  fixed  budget.  Many  organi- 

^Telephone  interview  Boeing-Canada  Aircraft,  1/18/89. 

^Extrapolated  from  data  on  page  62  in  the  Optech  report. 
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zations  which  have  large  backlogs  for  surveys  may  find  HLBS  attractive  because  they  can 
survey  many  more  sites  in  a  given  time  without  increases  to  current  budget  outlays  for 
conventional  surveys. 

The  increase  in  data  density  also  may  enable  certain  users  to  acquire  information 
with  HLBS  that  would  not  be  cost-effective  using  conventional  survey  methods.  For 
example,  the  effects  of  waves  on  beach  erosion  could  be  investigated  using  HLBS  to  pro¬ 
vide  a  series  of  profiles  of  near-shore  bottom  conditions. 

5.5  Contracting  Issues 

The  Corps  of  Engineers  is  not  the  only  U.S.  agency  that  conducts  hydrographic 
surveys.  The  Defense  Mapping  Agency,  the  U.S.  Naval  Oceanographic  Office  and  the 
National  Ocean  Survey  of  the  National  Oceanic  and  Atmospheric  Administration  also 
have  potential  HLBS  needs.  Many  states  and  private  companies  also  conduct  or  con¬ 
tract  for  hydrographic  surveys  as  part  of  coastal  zone  management  programs  and 
resource  extraction  processes.  Thus,  there  are  a  large  number  of  organizations  which 
conduct  surveys  and  which  are  candidate  acquirers  or  users  of  HLBS  technology.  The 
key  determinants  of  whether  such  entities  will  acquire  airborne  laser  systems  will  be  the 
actual  performance  of  the  Optech  system  developed  for  the  Corps  of  Engineers  and  the 
amount  of  surveying  that  a  single  user  can  aggregate  into  missions  suitable  for  such  a 
system. 

The  likely  markets  for  HLBS  systems  include  government  organizations  and 
commercial  survey  firms.  For  the  former  group,  the  dollar-value  of  survey  work  currently 
performed  or  contemplated  will  play  a  key  role  in  their  acquisition  decision  for  HLBS.  For 
the  private  sector,  return  on  investment  is  the  typical  criterion  used  in  capital  investment 
decisionmaking.  In  the  case  of  HLBS,  commercial  survey  firms  would  require  certainty  of 
sufficient  dollar  volume  of  revenue  per  year  to  cover  variable  operating  costs  as  well  as  to 
contribute  to  the  fixed  costs  of  the  system.  This  may  mean,  for  example,  that  organizations 
such  as  the  Corps  of  Engineers  may  have  to  aggregate  those  missions  which  are  suitable 
for  HLBS  into  sizable  procurements  so  that  a  private-sector  firm  would  be  willing  to  invest 
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in  such  equipment  were  it  able  to  win  a  contract.  This  may  require  the  Corps  of  Engineers 
to  rethink  the  level  of  aggregation  at  which  it  procures  hydrographic  surveys.  Presently, 
such  contracts  are  let  on  a  job  or  multi-job  basis  by  each  district  office  within  the  Corps. 
Until  HLBS  obtains  widespread  commercial  use  in  other  market  areas,  there  is  a  need  to 
provide  a  commercial  operator  with  a  procurement  contract  large  enough  to  warrant  an 
investment. 

Each  of  the  six  individual  scenarios  evaluated  in  this  study  represents  a  significant 
change  from  current  practice  in  the  number  of  individual  projects  conducted  as  part  of  a 
single  package.  This  type  of  aggregation  is  necessary  to  achieve  savings  from  HLBS.  In 
the  sensitivity  analysis,  additional  cost  savings  are  shown  when  scenarios  are  grouped  at 
the  District  Office  and  Corps-wide  levels.  The  key  factor  for  this  cost  reduction  is  that 
mobilization /demobilization  occurs  less  frequently. 

5.6  Future  Economic  Analyses 

A  number  of  important  parameters  in  the  economic  evaluation  have  been  de¬ 
veloped  using  assumptions  about  HLBS  performance.  If  the  Corps  moves  forward  with 
the  Optech  operational  prototype,  valuable  experience  with  actual  operation  of  the  HLBS 
will  result.  Parameters  such  as  data  density  requirements,  optimum  mission  altitudes  and 
speeds,  the  ratio  of  HLBS  post-processing  time  to  flight  time,  system  maintenance  re¬ 
quirements  and  the  characteristics  of  areas  amenable  to  survey  with  HLBS  can  then  be 
specified  with  more  certainty.  At  that  point  in  time,  it  would  be  useful  to  revisit  the 
economic  analysis.  The  first  step  in  this  process  would  be  to  conduct  an  in-depth  survey  of 
Corps  field  offices,  using  operational  test  results  on  system  performance,  to  identify  those 
current  survey  projects  (and  costs  of  them)  which  have  a  high  potential  for  HLBS  use. 

With  information  on  this  and  other  key  parameters,  better  insights  into  the  likely  econom¬ 
ic,  operational  and  other  HLBS  benefits  can  be  developed  for  Corps  of  Engineers  hydro- 
graphic  survey  missions. 
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Appendix  A 
CAPF.  CODCANAI. 


Cape  Cod  Canal  in  Massachusetts  is  a  32-foot  deep  channel  stretching  20  miles 
from  Cape  Cod  Bay  into  Buzzard's  Bay  (Figure  A-l).  Along  the  canal  are  two  small 
projects  called  Wareham  River  and  Onset  Bay.  The  Army  Corps  of  Fngineers  owns 
both  the  canal  and  the  access  to  the  canal  on  both  sides.  Along  the  canal  are  frequent 
benchmarks  accessible  from  a  service  road.  The  GPS  location  for  this  project  will  be  at 
the  State  Pier  shown  on  Figure  A-l.  UHF  trisponders  will  be  located  at  Falmouth  Cliffs 
and  Sandwich  Harbor.  Surveying  of  the  canal  can  be  accomplished  in  one  day.  Set  up 
and  take  down  of  UHF  trisponders  for  this  project  should  be  accomplished  within  one 
quarter  day  each. 

Scenario  Analysis 

A  helicopter  will  be  flown  to  Plymouth  Airport,  located  13.5  miles  from  the  Cape 
Cod  breakwater,  which  will  serve  as  the  starting  point  for  the  Lidar  survey.  The  heli¬ 
copter  will  fly  from  the  airport  to  the  breakwater  and  begin  surveying  along  a  southerly 
course  over  the  canal.  It  will  divert  into  the  East  Boat  basin  (Figure  A-2)  surveying  the 
basin  with  two  300-foot  passes.  The  helicopter  will  then  return  to  the  canal  and  contin¬ 
ue  surveying  until  Onset  Bay  (Figure  A-3).  It  will  survey  Onset  Bay  with  three  passes. 

It  will  then  proceed  directly  to  Wareham  Harbor  (Figure  A-4)  which  it  will  survey  in 
one  pass.  It  will  then  return  to  where  it  left  the  canal  to  survey  the  remainder  of  the 
Cape  Cod  Canal.  This  return,  not  involving  surveying,  will  be  at  Oe  speed  of  100  knots. 
The  helicopter  will  then  proceed  to  survey  the  rest  of  the  channel.  This  channel  consists 
of  two  parts,  the  Hog  Island  channel  with  a  500-foot  canal  width  and  the  Cleveland 
Ledge  channel  with  a  700-foot  canal  width.  The  helicopter  will  fly  to  the  end  of  the 
Cleveland  Ledge  channel  and  make  three  passes  to  survey  the  entire  canal  width.  This 
will  leave  the  helicopter  at  the  southernmost  end  of  the  channel  from  where  it  will  fly  at 
100  knots  back  to  the  southern  end  of  the  Hog  Island  channel. 
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The  Hog  Island  channel  will  require  an  additional  pass.  This  will  leave  the  heli¬ 
copter  at  the  northern  end  of  that  channel  where  it  will  survey  the  West  Marine  Basin  in 
one  more  pass  resulting  in  a  total  of  three  300-foot  passes  for  the  830  foot  canal  width  at 
that  point.  It  will  then  deadhead  to  the  north  end  of  the  West  Marine  Basin.  The  heli¬ 
copter  will  survey  until  the  breakwater.  At  this  point,  the  crew  will  break  off  its  survey¬ 
ing  activity  and  return  to  the  Plymouth  Airport. 

Survey  time  was  estimated  using  the  calculations  shown  on  Table  A-l.  The  total 
survey  time  for  the  helicopter  is  2.016  hours  while  the  total  time  in  deadhead  and  access 
deadhead  will  be  0.471  hours,  for  a  total  of  2.487  hours,  which  is  within  the  2.5  hour 
flight  time  requirement. 

Mission  Costs 

The  total  survey  nautical  miles  for  this  mission  are  40.3,  taking  the  helicopter  2.02 
hours,  while  the  deadhead  nautical  miles  are  47.1,  taking  the  helicopter  0.47  hours.  The 
expected  conventional  cost  for  this  scenario  is  $109,500  (Table  A-2).  The  HLBS  would  be 
used  for  five  days.  This  includes  four  days  of  ferry  and  set  up  and  one  day  of  surveying 
as  shown  in  Table  A-3.  The  total  cost  per  mission  is  $31,41 1  which  consists  of  helicopter 
cost  of  $28,251,  laser  crew  cost  of  $765;  and  other  costs  as  shown  in  the  table.  The  oper¬ 
ating  cost  per  hour  for  this  scenario  has  been  calculated  to  be  $12,630  as  shown  in  Table 
A-4.  Table  A-4  also  shows  operating  costs  per  square  nautical  mile  of  $15,778. 
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Table  A-1 


Deadhead  from  Plymouth  Airport  13.5  nautical  miles 

Cape  Cod  Canal 


East  Boat  Basin 

Survey: 

0.49  nautical  miles 

Cape  Cod  Canal 

Breakwater  to  Onset 

Survey: 

14.95  nautical  miles 

32'  West  Mooring  Basin 

Survey: 

Deadhead: 

1.63  nautical  miles 
0.54  nautical  miles 

Hog  Island  Channel 

Survey: 

6.46  nautical  miles 

Cleveland  Ledge  Channel 

Survey: 

Deadhead: 

11.05  nautical  miles 
3.68  nautical  miles 

Onset  Bay 

Survey: 

Deadhead: 

1 .56  nautical  miles 
2.46  nautical  miles 

Wareham  Harbor 

Survey: 

Deadhead: 

4.18  nautical  miles 
3.42  nautical  miles 

Deadhead  return  to  Plymouth  Airport 
Shortstop  Deadhead  Allowance 
Total  Deadhead 
Total  Survey 
Total 


13.5  NM  0.135  Hrs. 

10.0  NM  0.100  Hrs. 

47.1  NM  0.471  Hrs. 

40.32  NM  2.016  Hrs. 

87.42  NM  2.487  Hrs. 
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Table  A-2 


Project  Description  of  Cape  Cod  Mission 

| - Conventional — |  | - - - HLBS 


Cost 

Survey  Expected 

— Nautical 

Hi  les — Survey 

Extra 

Survey  Deadhead 

PROJECTS 

(*000) 

Freq  Cost 

Survey 

Deadhead  Days  Grnd  Days 

(Hours)  (Hours) 

Cape  Cod  Canal 

100.0 

1.00  *100,000 

40.320 

47.100  0.5 

0.5 

2.02  0.47 

Onset  Bay 

20.0 

0.10  *2,000 

Uareham  Harbor 

15.0 

0.50  *7,500 

Totals  *135  *109,500  40.3  47.1  1.0  0.5  2.0  0.5 
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Table  A-3 


Cape  Cod 


OPERATING  COSTS  PER  MISSION 


HELICOPTER  COSTS  Assumptions  Mission  Totals 


Helicopter  Lease  Cost  (Fixed) 

$3,000 

Helicopter  Lease  Cost  ($/flt.Hr) 

$660 

Helicopter  Ferry  &  Set  Up  (Days) 

4 

$12,000 

Helicopter  Ferry  Flight  Hours  (RT) 

16.00 

$10,560 

Nimber  of  Mission  Days--Hlcptr  Crew 

1 

$3,000 

Helicopter  Mission  Flight  Hours 

2.5 

$1,641 

Travel  &  Per  Diem  (Per  Prsn/Day) 

$70 

$1,050 

Total  Helicopter  Costs 

$28,251 

LASER  CREU  COSTS 

Nimber  of  Mission  Days--Laser  Crew 

1 

Tech  Laser  Crew  (Nmbr  &  Avg  Price) 

2  $312.5 

$625 

Travel  &  Per  Diem  (Per  Prsn/Day) 

$70 

$140 

Total  Laser  Crew  Cost 

$765 

OTHER  COSTS 

Member  of  Mission  Days- -Ground  Crew 

1.5 

Ground  Crew  (Nmbr  &  Avg  Price) 

2  $275 

$825 

Travel  &  Per  Diem  (Per  Prsn/Day) 

$70 

$210 

Ground  Transportation 

$50 

$150 

Nimber  of  Survey  Hours 

2.02 

Post  Processing  (Technician  S/Hr) 

$38 

$756 

Efficiency  Factor 

(X  Helicopter  Flight,  Laser  Crew 

15. OX 

$453 

Total  Other  Costs 

$2,394 

TOTAL  OPERATING  COSTS  PER  MISSION 


$51,411 


Table  A-4 


Cape  Cod 


UNIT  OPERATING  COST  (per  hour) 

Operating  Costs  per  Mission 

$31,411 

Helicopter  Mission  Flight  Hours 

2.5 

Unit  Operating  Cost  (S/Hrs) 

$12,630 

UNIT  OPERATING  COST  (per  Square  Nautical  Mile) 


Operating  Costs  per  Mission  $31,411 

Number  of  Survey  Hours  2.02 

Coverage  Rate  (Sq  N  Miles/Hr)  0.99  2.0 


Unit  Operating  Cost  (S/S.N.H.) 


$15,778 


SQUARE  AREA  SURVEYED 


Nautical  Miles  1.99 

Kilometers  3.69 
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Appendix  B 

DELAW ARF.  BAY-CHESAPEAKE  RAY  WATERWAY 


The  Chesapeake  Bay  waterway  is  a  portion  of  the  intracoastal  waterway  running 
along  the  Atlantic  Coast  through  the  States  of  Delaware,  Maryland  and  Virginia,  ending 
at  Kiptopeke,  Virginia  on  the  Eastern  Shore  (Figures  B-l,  B-2,  B-3).  Access  to  the  Canal 
is  available  at  various  points  along  the  route  by  means  of  U.S.  Route  13  and  various 
public  roads  which  reach  the  Canal  from  that  road.  Surveying  of  the  Canal  can  be 
accomplished  in  one  day. 

Scenario  Analvc’s 

A  helicopter  will  be  flown  to  Ocean  City  Airport  in  Maryland.  This  will  serve  as 
the  starting  point  for  the  Lidar  survey,  23.6  nautical  miles  from  the  beginning  of  the 
Virginia  portion  of  the  waterway.  The  helicopter  will  fly  from  the  airport  to  the  Virginia 
State  line  and  begin  surveying  a  southerly  course  along  the  waterway,  proceeding  at  20 
knots.  A  single  GPS  station  located  in  the  village  of  Painter,  where  U.S.  Route  13  crosses 
VA  Route  182  can  control  survey  coordination  for  the  entire  waterway.  The  survey 
coordinates  can  alternatively  be  controlled  from  five  UHF  stations,  the  first  of  which  will 
be  located  at  the  Maryland-Virginia  border  along  U.S.  Route  13.  The  second  UHF  sta¬ 
tion  will  be  located  at  Nelsonia  Village  (where  VA  Route  679  crosses  U.S.  13).  The  third 
UHF  station  will  be  located  in  the  town  of  Keller,  Virginia,  a  point  where  VA  Route  180 
crosses  U.S.  13.  The  fourth  UHF  station  is  located  along  U.S.  Route  13,  near  the  village 
of  Eastville,  VA.  The  final  UHF  station  will  be  located  on  Fisherman  Island  south  of 
Kiptopeke,  Virginia. 

Logistics  for  placement  of  ground  stations  require  that  one  ground  station  vehicle 
carry  two  UHF  trisponders  and  place  one  at  Nelsonia  and  proceed  with  the  other  one  to 
the  MD-VA  border  and  wait  until  the  helicopter  has  passed  beyond  its  range  and  then 
return  to  collect  the  UHF  unit  at  Nelsonia.  This  vehicle  can  return  to  base  when  the 


B-l 


CORPS  OF  ENGINEERS 


U.  S.  ARMY 


I  ME  TOM  KIN 

inlet 


f fCASLCS  /f  O / 

otrc*  Jf  *1 


ACCOMACK 


C  0  U  N  ff  T  Y 


BURTONS 
v  BAY 


BRADFORD 
BAY  t 


WACHA  PREAGUE  INLET 


r0  <+•  /  UPSHUR 
tJh//  bay 


\  N  0  S  T  H  A  M  P  T  0  N  |  f 


C.O  U  N  T  Y 


m 


'  \  S  NORTH  CHAN 


V  0 

*  non  /  %  i 


NOG  ISLAND 


I 

I 


rm  8- 


OUTLET  f 

BAY  / 

* 

B 


1* =13, 400*$ 


GREAT 
MACHIPONGO 
f\  INLET 


J/  Project  0epth:-6 

LITTLE 
MACH/PONGO 

■  INLET  LEGEND 

/\  jjjjj.  New  work  remaining 

1  )  No  portlol  dredQlno 

h  /  Now  work  remaining 

I  rzriiii  Maintained  to  60‘.wlde 

J  under  prevloue  project 

'  _ Maintained  to  60‘  wide 

under  prevloue  project 

NOTE:  Zero  mile  point  i»  Rooeevelt 
Inlet,  Oeloware  Boy  .Delaware 


DELAWARE  BAY  -  CHESAPEAKE  BAY 
WATERWAY 

(  DELAWARE  -  MARYLAND -VIRGINIA  ) 

VIRGINIA  PORTION 

map  REVISED  JUNE  1973 
IN  3  SHEETS  SHEET  2 

SCALE  IN  FEET 

10.000 _ 0 _  10  70,000 

’NORFOLK  DISTRICT 


B-3 


CHESAPEAKE  BAY 


Fiqure  B-3 


-v-*r\rc»  w  r  c^vjinc  c.r\$ 


U.  S.  ARMY 


Uii 


OUTLET  't’L/f  o. 

<r^  V  , 

BAY  S  $  f 

,f  *  i 


J7/ 

£7/ 


*>jr  G 


J  BAY 


30  a 


CHEAT 
MACH/PONGO 
\  INLET 


S  A  NO  SHOAL  INLET 


\  !  < 
4 1  ; 

*.  ii  s 


<H9  vr/  * 


^  / 


Mogorhor  ,Q0^ 

It 


n  5 


JfZb 


nr*  iHPi 


<2  SMITH  ISLANO 
C  9  AY  n 

iw'flPt  ) 

Ulcnd  P\  7/ 


NEW  INLET 


SHIP  SHOAL  INLET 


little  inlet 


SMITH  ISLANO  INLET 


\  Project  Depth  ~6‘ 
LEGENO 

New  work  re  morning 
No  portiol  dredging 

New  work  remaining 
■i  i  sec  Moinloined  to  60‘  wide 
under,pr»vious  project 

_ Maintained  to  60'  wide 

"  under  previous  project 


NOTE 

Zero  mile  point  ie  Roosevelt 
inlet, Oelawore  Boy  ,  Oelowore 


DELAWARE  BAY  -  CHESAPEAKE  BAY 
WATERWAY 

(  DELAWARE  -  MARYLAND  -  VIRGINIA ) 

VIRGINIA  PORTION 

MAP  REVISED  SEPTEMBER  1982 
IN  3  SHEETS  SHEET  3 

SCALE  IN  FEET 

10.000 _ 0 _ 10 _ 20,000 

NORFOLK  DISTRICT 


B-4 


helicopter  has  passed  out  of  range  of  Nelsonia.  The  other  ground  vehicle  will  be 
responsible  for  placement  and  collection  of  the  other  three  UHF  stations.  Set  up  of 
ground  stations  will  require  one-half  day  prior  to  the  beginning  of  the  helicopter  survey, 
and  an  additional  one-half  day  after  the  end. 

The  entire  waterway  can  be  surveyed  in  a  single  pass  since  at  no  point  is  it  wider 
than  100  feet.  When  the  survey  is  completed  at  Kiptopeke,  the  helicopter  will  proceed 
at  100  knots  to  the  Norfolk,  VA  Airport,  a  distance  of  19.2  nautical  miles.  The  total 
survey  distance  is  70.36  nautical  miles  which  will  require  3.52  hours  to  complete.  When 
the  helicopter  reaches  Metomkin  Inlet  (Figure  B-2),  it  will  return  to  Ocean  City  Airport 
for  refueling:  a  round  trip  deadhead  of  112  nautical  miles  requiring  1.12  hours  plus 
refueling  time.  The  helicopter  will  continue  surveying  until  it  reaches  Great  Machio- 
pongo  Inlet  when  it  will  deadhead  to  Norfolk  Airport  for  refueling.  This  is  a  round  trip 
deadhead  of  94.5  nautical  miles  requiring  0.95  hours  plus  refueling  time.  The  helicopter 
will  then  continue  surveying  to  the  end  of  the  waterway  of  Kiptopeke.  Other  survey 
opportunities  exist  along  the  waterway,  such  as  Chincoteague  Bay,  but  these  were  not 
included  due  to  the  lack  of  alternative  airports  with  jet  fuel  availability.  The  calculations 
are  summarized  in  Table  B-l. 

Mission  Costs 

The  following  tables  show  the  total  survey  nautical  miles  for  this  mission  are  70.4, 
taking  the  helicopter  3.52  hours,  while  the  deadhead  nautical  miles  are  249.30,  taking 
the  helicopter  2.49  hours.  The  expected  conventional  cost  for  this  scenario  is  $69,765 
(Table  B-2).  The  HLBS  would  be  used  for  five  days.  This  includes  four  days  of  ferry  and 
set  up  and  one  day  of  surveying  as  shown  in  Table  B-3.  The  total  cost  per  mission  is 
$34,733,  which  consists  of  helicopter  cost  of  $30,577,  laser  crew  cost  of  $765;  and  other 
costs  as  shown  in  the  table.  The  operating  cost  per  hour  for  this  scenario  has  been  calcu¬ 
lated  to  be  $5,779  as  shown  in  Table  B-4.  Table  B-4  also  shows  operating  costs  per 
square  nautical  mile  of  $10,000. 


B-5 


Table  B-l 


Virginia  Portion 


Delaware  Bay  -  Chesapeake  Bay  Waterway 


Figure  B-l 

25.80  NM 

Figure  B-2 

26.91  NM 

Figure  B-3 

17.64  NM 

70.36  NM 

Deadhead 

Deadhead  from  Ocean  City,  MD 
to  VA  State  Line: 

23.6  NM 

0.236  Hrs. 

Refueling  deadhead  to 

Ocean  City,  MD  from 

Metomkin  Inlet 

112  NM 

1.12  Hrs. 

Refueling  deadhead  to 

Norfolk  Airport  from 

Great  Machiopongo  Inlet 

94.5  NM 

0.945  Hrs. 

Deadhead  from  Kiptopeke 
to  Norfolk,  VA 

19.2  NM 

0.192  Hrs. 

Total  Deadhead: 

Total  Survey: 

Total: 

249.3  NM 
70.35  NM 
319.65  NM 

2.493  Hrs. 
3.518  Hrs. 
6.011  Firs. 

GPS  Station:  Painter,  VA 
UHF  Stations 

1.  MD-VA  Border  on  U.S.  Route  13 

2.  Nelsonia,  VA 

3.  Keller,  VA 

4.  Eastville,  VA 
Fisherman  Island,  VA 
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Table  B-2 


Project  Description  of  OetMarVa 

Mission 

| - Conventional  —  | 

1 . —  - 

. HLBS . 

1 

Cost 

Survey  Expected 

— Nautical 

Miles — Survey  Extra 

Survey  Deadhead 

PROJECTS 

($000) 

Freq 

Cost 

Survey 

Deadhead  Days  Grnd  Days 

(Hours)  (Hours) 

Ches  Bay  to  Mag  Bay 

8.5 

0.50 

$4,250 

70.350 

249.300  1  0.5 

3.52  2.49 

Cedar  Island  Bay,  Bougues  Bay 

10.2 

0.17 

SI ,  700 

Echichy  Marsh,  Cargathy  Inlet 

8.5 

1.00 

$8,500 

Fishmn's  Inlt.Gull  Mrsh.Grgthy  Cr 

20.4 

0.50 

$10,200 

Hog  Neck  Creek,  Hog  Creek 

6.8 

0.20 

$1,360 

Kegotank  Bay 

6.8 

0.14 

$971 

Lewis  Crk.Bradfrd  Bay.Burtns  Bay 

22.1 

0.50 

$11,050 

Metompkin  Bay,  North  Channel 

23.8 

0.50 

$11,900 

Northam  Narrows, Swash  Bay  Channel 

20.4 

0.33 

$6,800 

Sloop  Channel,  Upper  Mag  Bay 

23.8 

0.50 

$11,900 

White  Trout  Creek 

3.4 

0.33 

$1,133 

Totals 

S155 

$69,765 

70.4 

249.3  1.0  0.5 

3.5  2.5 
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Table  B-3 


OelMarVa  OPERATING  COSTS  PER  MISSION 


HELICOPTER  COSTS  Assumptions  Mission  Totals 


Helicopter  Lease  Cost  (Fixed) 
Helicopter  Lease  Cost  (S/Ftt.Hr) 
Helicopter  Ferry  &  Set  Up  (Days) 
Helicopter  Ferry  Flight  Hours  (RT) 
Number  of  Mission  Days--Hlcptr  Cre« 
Helicopter  Mission  Flight  Hours 

Travel  l  Per  Diem  (Per  Prsn/Day) 

S3, 000 

S660 

4 

16.00 

1 

6.0 

S70 

$12,000 

$10,560 

$3,000 

$3,967 

$1,050 

Total  Helicopter  Costs 

$30,577 

LASER  CREW  COSTS 

Number  of  Mission  Days--Laser  Crew 

1 

Tech  Laser  Cre«  (Nmbr  &  Avg  Price) 

2  S312.5 

$625 

Travel  &  Per  Oiem  (Per  Prsn/Day) 

S70 

$140 

Total  Laser  Crew  Cost 

$765 

OTHER  COSTS 

Number  of  Mission  Days- -Ground  Crew 

1.5 

Ground  Creu  (Nabr  &  Avg  Price) 

2  $275 

$825 

Travel  l  Per  Diem  (Per  Prsn/Day) 

$70 

$210 

Ground  Transportation 

$50 

$150 

Number  of  Survey  Hours 

3.52 

Post  Processing  (Technician  S/Hr) 

$38 

$1,319 

Efficiency  Factor 

(X  Helicopter  Flight,  Laser  Cre« 

15. OX 

$887 

Total  Other  Costs 

$3,391 

TOTAL  OPERATING  COSTS  PER  MISSION 

$34,733 
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Table  B-4 


OclMarVa 


UNIT  OPERATING  COST  (per  hour) 

Operating  Costs  per  Mission 

134,733 

Helicopter  Mission  Flight  Hours 

6.0 

Unit  Operating  Cost  (1/Hrs) 

15,779 

UNIT  OPERATING  COST  (per  Square  Nautical  Mile) 


Operating  Costs  per  Mission  154,733 

Number  of  Survey  Hours  3.52 

Coverage  Rate  <Sq  N  Hiles/Hr)  0.99  3.5 


Unit  Operating  Cost  (1/S.N.M.) 


110,000 


SQUARE  AREA  SURVEYED 


3.47 

6.43 


Nautical  Miles 
Ki lometers 
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Appendix  C 

FLORIDA  INTERCOASTAL  WATERWAY 


The  Florida  Intercoastal  Waterway  (FL-IWW)  from  the  Anclote  River  to  the 
Caloosahatchee  River  is  160  miles  long  with  a  100-foot  wide  channel.  The  channel  is 
nine  feet  deep.  The  light  and  turbidity  conditions  make  it  a  prime  candidate  for  the 
laser  bathymeter  system.  The  helicopter  and  crew  will  be  stationed  at  the  Sarasota- 
Bradenton  Airport  (SRQ). 

The  survey  will  be  conducted  over  three  days.  During  the  first  day  (Table  C-l), 
the  helicopter  will  survey  the  FL-IWW  and  several  connecting  waterways  from  the 
Caloosahatchee  River  to  Johns  Pass.  On  the  second  day,  it  will  survey  the  FL-IWW  from 
Johns  Pass  to  the  Anclote  River,  the  Hillsborough  River,  and  the  northern  section  of 
Tampa  Bay.  On  the  third  and  final  day,  it  will  finish  surveying  Tampa  Harbor,  includ¬ 
ing  the  St.  Petersburg  Harbor  and  a  small  remaining  portion  of  the  FL-IWW. 

The  helicopter  will  fly  a  maximum  of  four,  two  and  one-half  hour  trips  each  day, 
with  a  refueling  stop  between  trips.  Total  flight  time  for  each  trip  and  refueling  airport 
are  as  follows: 


Trip  One 

Trip  Two 

Trip  Three 

Trip  Four 

Day  One 

2.1  hrs. 

1.8  hrs. 

2.4  hrs. 

1.4  hrs. 

Day  Two 

1.8  hrs. 

2.2  hrs. 

1 .9  hrs. 

2.1  hrs. 

Day  Three 

1.5  hrs. 

1.2  hrs. 

— 

— 

Refueling  Airports 

Day  One:  Rotunda  Airport,  Venice  Municipal  Airport,  Albert  Whitted  Airport 
Day  Two:  Clearwater  Executive  Airport,  Peter  O'Knight  Municipal  Airport 
Day  Three:  Albert  Whitted  Airport 


C-l 


On  Day  One,  the  helicopter  will  survey  the  FL-IWW  (Figure  C-l)  and  several 
connecting  waterways  from  the  Caloosahatchee  River  to  Johns  Pass. 

The  helicopter  will  fly  south  from  Sarasota-Bradenton  Airport,  to  the  southern 
point  of  the  IWW  at  the  Caloosahatchee  River.  This  is  a  distance  of  66  nautical  miles 
which  the  helicopter  will  fly  at  the  deadhead  speed  of  100  knots.  Here,  the  helicopter 
will  begin  the  survey.  The  helicopter  will  fly  north  along  the  FL-IWW  until  it  reaches 
Charlotte  Harbor,  a  distance  of  26.9  nautical  miles.  The  helicopter  will  leave  the  FL- 
IWW  to  refuel  at  Rotunda  Airport.  After  refueling,  the  helicopter  will  deadhead  back  to 
the  FL-IWW  and  survey  seven  nautical  miles  of  Charlotte  Harbor  (Figure  C-2).  Next, 
the  helicopter  will  survey  25  nautical  miles  of  the  IWW  from  Charlotte  Harbor  to  Caseys 
Pass.  The  helicopter  crew  will  detour  the  IWW  to  survey  .43  nautical  miles  of  Caseys 
Pass  (Figure  C-3)  before  refueling  at  Venice  Municipal  Airport. 

After  refueling,  the  helicopter  will  depart  from  Venice  Municipal  Airport  and 
return  to  Caseys  Pass.  Here,  the  helicopter  will  resume  surveying  the  FL-IWW  from 
Caseys  Pass  to  New  Pass.  This  section  of  the  FL-IWW  is  approximately  16.9  nautical 
miles.  Upon  arriving  at  New  Pass,  the  flight  team  will  detour  from  the  FL-IWW  to 
survey  3.5  nautical  miles  of  New  Pass  (Figure  C-4).  The  helicopter  will  deadhead  back 
to  the  FL-IWW  and  continue  to  survey  the  FL-IWW  from  New  Pass  to  Longboat  Pass,  a 
distance  of  11.25  nautical  miles.  Next,  the  helicopter  will  survey  the  1.646  nautical  miles 
of  Longboat  Pass  (Figure  C-5).  The  helicopter  will  continue  north  along  the  FL-IWW 
surveying  from  Longboat  Pass  to  Tampa  Harbor,  a  distance  of  10.62  nautical  miles.  The 
helicopter  will  then  depart  the  IWW  for  a  third  refueling  at  Albert  Whitted  Airport. 

After  the  third  refueling,  the  helicopter  will  fly  back  to  the  IWW  at  Tampa 
Harbor  and  proceed  to  survey  the  next  8.75  nautical  miles  of  the  IWW  up  to  Pass-A- 
Grille  Pass.  The  helicopter  will  detour  from  the  IWW  to  Survey  Pass-A-Grille's  2.5 


nautical  miles  (Figure  C-6)  and  then  continue  surveying  the  next  6.2  nautical  miles  of 
the  1WW  to  Johns  Pass.  After  surveying  1.5  nautical  miles  of  Johns  Pass  (Figure  C-7), 
the  helicopter  crew  will  have  completed  its  fourth  trip  of  the  day  and  will  return  to  base 
headquarters  at  SRQ  total  flight  time  for  Day  One  is  7.7  flying  hours. 
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Table  C-l 


DAY  ONE 


Trip  One 


NM 

Hrs. 

1. 

Deadhead  SRQ  to  Southern  Point  IWW 

66.0 

.66 

2. 

Survey  IWW  to  Charlotte  Harbor 

26.90 

1.345 

3. 

Deadhead  IWW  Charlotte  Harbor  to 

Rotunda  Airport 

9.50 

.095 

Trip 

Two 

1. 

Deadhead  Rotunda  Airport  to 

IWW  Charlotte  Harbor,  FL 

9.5 

.095 

2. 

Survey  to  Boca  Grande  Pass 

.50 

.025 

3. 

Boca  Grande  Pass 

3  passes  2.16  NM  long 

6.5 

.325 

4. 

Deadhead  back  to  IWW 

2.66 

.0^.66 

5. 

Survey  IWW  Charlotte  Harbor  to 

Caseys  Pass,  FL  (Venice  Inlet) 

25.0 

1.25 

6. 

Channel 

1  pass 

.434 

.02 

7. 

Deadhead  back  to  IWW 

.408 

.00408 

8. 

Deadhead  to  Venice  Municipal  Airport 

5.0 

.050 

Trip  Three 


1. 

Deadhead  Venice  Municipal  airport  to  IWW 

5.0 

.050 

2. 

Survey  IWW  Caseys  Pass  to  IWW  New  Pass,  FL 

16.87 

.844 

3. 

1st  Channel  into  City  Pier 

.529 

.0265 

4. 

Deadhead  back  to  IWW 

.397 

.00397 

5. 

2nd  Channel  into  Payne  Terminal 

.794 

.040 
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Table  C-l  (Continued) 


NM 

Hrs. 

6. 

Deadhead  back  to  IWW 

.480 

.00480 

7. 

3rd  Channel  out  towards  Gulf 

2.170 

.11 

8. 

Deadhead  back  to  IWW 

2.120 

.02120 

9. 

Survey  IWW  New  Pass  to  Longboat  Pass,  FL 

11.25 

.563 

10. 

Channel 

1  pass 

1.646 

.08 

11. 

Deadhead  back  to  IWW 

1.317 

.01317 

12. 

Survey  IWW  Longboat  Pass  to 

IWW  Tampa  Harbor 

10.62 

.531 

13. 

Deadhead  from  IWW  @  Tampa  Harbor  to 

Albert  Whitted  Airport 

8.75 

.088 

Trip 

Four 

1. 

Deadhead  from  Albert  Whitted  Airport 
to  IWW  @  Tampa  Harbor 

8.75 

.0875 

2. 

Survey  IWW  from  Tampa  Harbor  to 
Pass-A-Grille  Pass,  FL 

8.75 

.438 

3. 

Channel 

1  pass 

2.567 

.13 

4. 

Deadhead  back  to  IWW 

1.99 

.0199 

5. 

Survey  IWW  Pass-A-Grille  to  Johns  Pass,  FL 

6.25 

.312 

6. 

Channel 

1  pass 

1.759 

.09 

7. 

Deadhead  back  to  IWW 

1.539 

.01539 

8. 

Deadhead  from  Johns  Pass  to  SRQ 

33.12 

.3312 
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Table  C-l  (Continued) 


Day  One 

Trip  One 


Total  Survey 
Total  Deadhead 

Total 


NM  HlS, 

26.90  1.345 

75.50  .755 

102.40  2.10 


Trip  Two 

Total  Survey 
Total  Deadhead 
Total 


32.434  1.620 

17.568  .176 

50.002  1.796 


Trip  Three 

Total  Survey 
Total  Deadhead 
Total 


43.879  2.195 

18.064  0.181 

61.943  2.376 


Trip  Four 

Total  Survey 
Total  Deadhead 
Total 


19.326  6.970 

45.399  6.454 

64.725  1.424 


Day  One 

Total  Survey 
Total  Deadhead 
Total 


122.539  6.130 

156.531  1-566 

279.07  7.696 
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RIVER,  FLORIDA 

SCALC  IN  MILtS 

E  _  c  _ 

“  .’A  R T  M  ENroTiFE  R  M  Y  | 
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JACKSONVILLE  TLORIOA 


Figure  C-2 


CORPS  OF  ENGINEERS 
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CORPS  OF  ENGINEERS 


U.  S.  ARMY 


PROJECT  This  improvement  forms  o  port  of  the 
project  for  improving  Ihe  tnlrocoosfol  Woferway, 
Cotoosohotches  River  fo  Anctof#  River,  Florida, 
ond  consists  of  o  chonnei  9  feet  deep  and  IOO  feet 
wide  from  Roberts  Bay  to  deep  water  in  the  G«/ff  of 
Menco  ond  mointenonce  of  bulkheads,  revetments, 
and  two  parallel  sheet  *p*ie  tellies  built  under  o 
previous  project.  Lengtn  of  project  is  obouf  y,500 
feel 
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DAY  TWO 


Scenario  Analysis 

On  Day  Two,  the  helicopter's  survey  will  cover  the  FL-IWW  from  Johns  Pass  to  the 
Anclote  River  (Figure  C-8).  From  the  Anclote  River,  the  helicopter  will  survey  the  Hills¬ 
borough  River  and  then  proceed  to  survey  the  northern  section  of  Tampa  Bay  (Table  C-2). 

The  helicopter  will  leave  SRQ  and  deadhead  to  yesterday's  ending  point  on  the  FL- 
IWW  at  John's  Pass.  Here  the  helicopter  will  begin  to  survey  the  next  15.6  nautical  miles 
of  the  FL-IWW  from  John's  Pass  to  Clearwater  Pass  (Figure  C-8).  The  helicopter  will 
survey  the  three  nautical  miles  of  Clearwater  Pass  (Figure  C-9)  and  then  head  back  to  the 
FL-IWW  to  continue  surveying  north  to  Ozona  (Figure  C-10),  a  distance  of  7.5  nautical 
miles.  Again,  the  helicopter  will  detour  to  survey  the  one  nautical  mile  of  Ozona  (Figure 
C-10).At  the  completion  of  the  Ozona  survey,  the  helicopter  will  deadhead  over  to  the 
Clearwater  Executive  Airport  for  refueling. 

After  refueling,  the  helicopter  will  fly  back  to  Ozona.  It  will  survey  the  IWW  up  to 
the  Anclote  River,  a  distance  of  5.6  nautical  miles.  The  helicopter  will  next  survey  the 
Anclote  River  (Figure  C-ll).  Once  the  helicopter  arrives  at  the  tip  of  the  Anclote  River,  it 
will  deadhead  to  the  Hillsborough  River,  a  distance  of  24.3  nautical  miles  from  the  Anclote 
River.  The  helicopter  will  survey  the  Hillsborough  River  (Figure  C-12),  beginning  2.4 
nautical  miles  from  the  mouth  of  the  river,  and  surveying  its  way  downstream.  At  the 
mouth  of  the  Hillsborough  River,  the  helicopter  will  begin  to  survey  the  northeastern 
section  of  Tampa  Harbor  (Figure  C-13),  including  the  Alafia  River  (Figure  C-14).  When 
the  helicopter  arrives  at  the  Big  Bend  Channel  in  Tampa  Harbor,  it  will  head  to  the  Peter 
O'Knight  Airport  for  refueling. 

After  refueling,  the  helicopter  will  continue  surveying  the  Tampa  Harbor.  The 
third  segment  of  the  survey  will  cover  the  upper  portion  of  Tampa  Harbor,  from  Big  Bend 
Channel  to  the  Tampa  Channel  turning  Basin  and  back  around  to  Hillsborough  Bay 
Channel  cut.  The  helicopter  will  return  to  Peter  O'Knight  Airport  for  refueling  after 
surveying  the  Hillsborough  Bay  Channel  cut. 
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After  refueling,  the  helicopter  has  one  more  survey  trip  to  make  before  heading 
home  to  base  headquarters  at  SRQ.  The  helicopter  will  survey  the  Tampa  Channel  from 
Gadsden  Point  to  Egmont  Bar,  a  survey  distance  of  35  nautical  miles.  Total  flight  time 
for  day  two  is  eight  flying  hours. 
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Table  C-2 


DAY  TWO 


Trip  One 

NM 

Hrs. 

1. 

Deadhead  from  SRQ  to  Johns  Pass 

33.12 

.331 

2. 

Survey  IWW  Johns  Pass  to  IWW 

Clearwater  Pass 

15.625 

.781 

3. 

1st  Channel 

1  pass  to  westerly  edge 

1.81 

.09 

4. 

Deadhead  to  2nd  Channel 

1.11 

.0111 

5. 

2nd  Channel 

1  pass  to  northerly  edge 

1.19 

.06 

6. 

Deadhead  back  to  IWW 

1.19 

.0119 

7. 

Survey  IWW  Clearwater  Pass  to 

IWW  Ozona,  FL 

7.50 

.375 

8. 

Channel 

1  pass 

1.136 

.06 

9. 

Deadhead  back  to  IWW 

1.136 

.01136 

10. 

Deadhead  from  Ozona  to  Clearwater 
Executive  Airport 

6.25 

.0625 

Trip  Two 


1. 

Deadhead  from  Clearwater  Executive  to  Ozona 

6.25 

.062 

2. 

Survey  IWW  Ozona  to  IWW  Anclote  River,  FL 

5.625 

.281 

3. 

Channel,  West  of  IWW 

1  pass 

2.304  NM 

.12 

4. 

Deadhead  back  to  IWW 

1.975  NM 

.02 

5. 

Channel,  East  of  IWW 

4.937  NM 

.25 
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Table  C-2  (Continued) 


NM  Hrs. 


Hillsborough  River 


6. 

Deadhead  Access  from 

Anclote  River 

24.375 

.24 

7. 

Channel 

1  pass 

2.414 

.12 

8. 

Survey  Tampa  Channel  (Hillsborough  River 
to  Port  Sutton  Channel) 

8.88 

.444 

9. 

Deadhead  V  Bar  Channel,  Garrison  Channel 
and  Port  Sutton  Channel 

2.64 

.026 

10. 

Survey  Hillsborough  Channel  to  Alafia  River 

4.29 

.214 

Alafia  River.  FL 

11. 

Channel 

3.566 

.18 

Deadhead  back  to  Tampa  Harbor 

2.962 

.03 

12. 

Survey  Hillsborough  Channel  (Alafia  River 
to  Big  Bend  Channel) 

2.31 

.115 

13. 

Deadhead  to  Peter  O'Knight  Airport 

6.60 

.066 

Trip  Three 


1. 

Deadhead  from  Peter  O'Knight  Airport  to 

Big  Bend  Channel 

6.60 

.066 

2. 

Survey  Big  Bend  Channel 

3.63 

.181 

3. 

Deadhead  Big  Bend  Channel 

3.63 

.036 

4. 

Survey  Tampa  Channel  (Big  Bend  Channel 
to  Tampa  Channel  turning  Basin,  around 
back  up  Hillsborough  Bay  Channel  cut) 

32.67 

1.63 

5. 

Deadhead  to  Peter  O'Knight  Airport 

1 

.01 

C-20 


Table  C-2  (Continued) 


Trip  Four 

NM 

Hrs. 

Tampa  Harbor 

1 .  Deadhead  tip  Peter  O'Knight  Airport 

to  Gadsden  Point  cut 

10.24 

.102 

2.  Survey  Channel  (Gadsden  Point  cut 

to  Port  Manatee  Channel) 

10.56 

.528 

3.  Survey  Port  Manatee  Channel 

6.94 

.347 

4.  Survey  Channel  (Port  Manatee 

to  Egmont  Bar  Channel) 

17.82 

.891 

5.  Deadhead  Egmont  Bar  Channel  to  SRQ 

22.5 

.23 

Dav  Two: 

Trip  One 

Total  Survey 

27.261 

1.366 

Total  Deadhead 

42.800 

.428 

Total 

70.067 

1.794 

Trip  Two 

Total  Survey 

34.326 

1.724 

Total  Deadhead 

44.802 

.444 

Total 

79.128 

2.168 

Trip  Three 

Total  Survey 

36.3 

1.811 

Total  Deadhead 

11.23 

.112 

Total 

47.53 

1.923 

C-21 


Tablp  C-2  (Continued) 


Trip  Four 

Total  Survey 
Total  Deadhead 
Total 

Day  Two 

Total  Survey 
Total  Deadhead 
Total 


NM 

Hrs. 

35.32 

1.766 

32.74 

.332 

68.06 

2.098 

133.207 

6.667 

131.578 

1.316 

264.785 

7.983 
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Figure  C-9 
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PROJECT:  A  chonnel  iO  feet  deep  ond  150  feet  wide  from 
deep  water  m  the  Gulf  of  Mexico  through  Clearwater 
Pass,  thence  8  feel  deep  and  100  feet  wide  eastward 
to  the  authorised  Introcoostol  Woterwoy,  a  side 
channel  8  feet  deep  ond  100  feet  wide  from  the  inner 
channel  northward  to  fhe  Clearwater  Islond  Marina,  with 
a  turning  bosm  8  feet  deep,  IOO  to  450  feet  wide, 
ond  850  feet  long  Length  of  project  is  obout  3  miles. 


CLEARWATER  PASS,  FLA. 
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Figure  C- 12 
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NOTE 

OrSTA*CfS  BETWEEN  HARBOR  CP<E3  (COMBbtED 
PI E R ME  AO  HAKHfAO  LINES)  AND  CHANNEL  LINES 
ALONG  THC  SC  VENAL  CHANNELS  OF  THE  UPPER 
HARBOR  ARE  A3  FOLLOW 
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l  r.  f*.f  of  Port  Tomp o,  o nd  Id  f*«f  at  fampa  and 


AUTHORIZATION  FOR  EXISTING  PROJECT  _  _ _ 

ACT  ]T  WORK  AUTHORIZED  ]  OOCUWE  *TS _ 

T  AMI*A  HARBOR  (CONTINUED) _ _ _ _ _ 

3I0EC.I97O  42  !••»  deep,  2.000  !•«!  long  ,  ond  900  feel  wide;  Port  Sutton  ♦«  T  r  o  no*  H.  OOC  9  I  -  401/  9 1/ 2 

chonn*l  44  X  400  f#«t(  Port  Sutton  turning  basin  44  feet  4«*p  with 
turning  diomefei  or  1.200  fee tf  *nlor«*m«nr  ot  turninj  basin  of  the 
entrance  of  Ybor  Channel  one  HtpiAiAf  to  42  fttlj  Coil  Buy  entronce 
channel  44  x  400  end  300  feet  about  2.000  feet  North  froen  Port 
Sutton  turning  HiiAj  Eoet  Ray  turning  basin  44  feet  deep  with  o  t.ZOO 
toot  turning  4i#neter;  Ea#t  Boy  oppreoch  channel  44  X  300  feet  about 
2.300  feet  North  from  the  Fast  Bag  turning  basin  *  and  maintenance  of 
Port  Suffon  termtnd'l  cKannel  to  44  X  200  feet  for  o  distance  of  4.000 
feet.  Bottom  I  foot  of  oil  project  segments  in  "inactive*  ofegory. 


HILLSBOROUGH 
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DAY  THREE 


Scenario  Analysis 

On  the  third  and  final  day,  the  helicopter  will  finish  surveying  Tampa  Harbor 
(Table  C-3,  Figure  C-15),  including  the  St.  Petersburg  Harbor  (Figure  C-16)  and  the 
remaining  portion  of  the  FL-IWW  (Figure  C-17). 

The  helicopter  will  deadhead  from  SRQ  to  the  west  end  of  the  IWW  near  Pass-A- 
Grille  Pass.  The  helicopter  will  survey  the  portion  of  the  FL-IWW  which  connects  the  St. 
Petersburg  Channel  to  the  main,  north-south  route  of  the  FL-IWW.  The  total  survey 
distance  is  about  five  nautical  miles.  From  the  FL-IWW,  the  helicopter  will  deadhead 
north  to  survey  three  nautical  miles  of  St.  Petersburg  Harbor.  Next,  the  helicopter  will 
survey  St.  Petersburg  Channel,  approximately  2.4  nautical  miles.  After  surveying  the  St. 
Petersburg  Channel,  the  helicopter  will  survey  the  Tampa  Bay  Channel,  from  the  St. 
Petersburg  Channel  north  to  Gadsden  Point,  a  distance  of  10.5  nautical  miles.  When  the 
helicopter  reaches  Gadsden  Point,  it  will  then  deadhead  back  to  the  Albert  Whitted 
Airport  for  refueling. 

After  refueling,  the  helicopter  will  finish  surveying  the  portion  of  Tampa  Harbor 
which  lies  south  of  St.  Petersburg  Channel.  The  survey  will  cover  the  Tampa  Channel 
Cut  from  St.  Petersburg  to  Egmont  Bar,  a  survey  distance  of  twenty  nautical  miles. 

After  finishing  up  the  survey  at  Egmont  Bar,  the  helicopter  will  depart  to  SRQ  for  the 
completion  of  the  FL-IWW  survey. 
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Table  C-3 
DAY  THREE 


Trip  One 


NM 

Hr§. 

1. 

SRQ  Airport  to  West  End  IWW 

24.40 

.244 

2. 

Survey  West  portion  IWW  to 

St.  Petersburg  Channel 

5.28 

.264 

St. 

Petersburg.  FL 

3. 

Deadhead  Access  from  IWW 

3.95 

.04 

4. 

Harbor 

2  passes  @  1,000' 

.329 

.02 

5. 

Port  of  St.  Petersburg 

4  passes  @  1,200' 

.790 

.04 

6. 

Deadhead  1,200' 

.197 

.01 

7. 

Remaining  Harbor 

1  pass  @  13,500' 

2.222 

.11 

8. 

Deadhead  to  St.  Petersburg 

Channel 

1.975 

.02 

9. 

St.  Petersburg  Channel 

1  pass 

2.387 

.12 

10. 

Deadhead  @  3,000' 

.494 

.005 

Tampa  Harbor 

11. 

Survey  Tampa  Bay  Channel  from  St. 
Petersburg  Channel  to  Gadsden  Point 

10.56 

.528 

12. 

Deadhead  to  Albert  Whitted  Airport 

9.57 

.096 
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Table  C-3  (Continued) 


Trip  Two 

NM 

Hrs. 

1. 

Deadhead  Albert  Whitted  Airport  to  Tampa 
Harbor  @  St.  Petersburg  Channel 

3.18 

.03 

2. 

Survey  Tampa  Harbor  from  St.  Petersburg 
to  Egmont  Bar  and  back  to  eastern  edge 
of  Egmont  Bar 

19.59 

.97 

3. 

Deadhead  to  SRQ  from  Egmont  Bar 

22.50 

.225 

Day  Three 

Trip  One 

Total  Survey 
Total  Deadhead 
Total 

Trip  Two 

Total  Survey 
Total  Deadhead 
Total 

Day  Three 

Total  Survey 
Total  Deadhead 
Total 

Total  FL-IWW 

Total  Survey 
Total  Deadhead 


21.568  1.082 

40.586  .406 

62.154  1.489 

19.59  .97 

25.68  .26 

45.27  1.23 

41.158  2.052 

66.266  .667 

107.724  2.719 

296.9  14.8 

354.4  3.5 
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Ground  Stations 


This  analysis  assumes  there  will  be  five  UHF  ground  stations  along  with  one 
ground  crew  (see  Figure  C-18).  Before  Day  One,  the  ground  crew  will  need  to  layout 
the  UHF  stations  along  the  following  predetermined  route. 

The  first  UHF  station  will  be  located  on  Florida  Route  41,  approximately  six-  and- 
one-half  nautical  miles  south  of  Punta  Gorda.  The  second  UHF  station  will  also  be 
located  along  Route  41,  20  nautical  miles  north  of  the  first  UHF  station.  The  third 
ground  station  will  be  located  at  the  SRQ  base.  The  fourth  ground  station  will  be  set  up 
at  Sun  City,  and  the  fifth  ground  station  will  be  set  up  at  the  intersections  of  Route  693 
and  686  in  Pinellas  County.  As  the  helicopter  moves  north  along  the  IWW,  the  ground 
crew  can  retrieve  the  first  three  ground  stations.  The  first  ground  station  will  have  to  be 
moved  to  Peter  O'Knight  Municipal  Airport  before  the  start  of  Day  Two. 

The  ground  crew  will  not  be  needed  during  Day  Two  since  the  three  active 
ground  stations,  1, 4  and  5  will  remain  in  their  place  throughout  the  day  and  night. 
When  the  helicopter  is  finished  surveying  on  the  morning  of  the  third  day,  the  ground 
crew  will  then  retrieve  stations  1,  4  and  5. 

Mission  Costs 

The  total  survey  nautical  miles  for  this  mission  are  296.9,  taking  the  helicopter 
14.8  hours,  while  the  deadhead  nautical  miles  are  354.4,  taking  the  helicopter  3.5  hours. 
The  expected  conventional  cost  for  this  scenario  is  $175,500  (see  Table  C-4).  The  HUBS 
would  be  used  for  seven  days.  This  includes  four  days  of  ferry  and  set  up  and  three 
days  of  surveying  as  shown  in  Table  C-5.  The  total  cost  per  mission  is  $58,731,  which 
consists  of  helicopter  cost  of  $45,167,  laser  crew  of  $2,295;  and  other  costs  as  shown  in 
the  table.  The  operating  cost  per  hour  for  this  scenario  has  been  calculated  to  be  $3,194 
as  shown  in  Table  C-6.  Table  C-6  also  shows  operating  costs  per  square  nautical  mile  of 
$4,006,  as  well  as  operating  costs  per  sqare  kilometer  of  $2,163. 
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Table  C-4 


Project  Description  of  FL-IWW  Mission 


|  — -c 

on vent l c 

>nal  —  | 

1 . 

- HLBS-- 

. 1 

Cost 

Survey  Expected 

— Nautical 

Miles — 

Survey 

Extra 

Survey  Deadhead 

PROJECTS 

(SOOO) 

F  req 

Cost 

Survey 

Deadhead 

Days  Gmd  Days 

(Hours) 

(Hours) 

Alafia  River 

3.0 

1.00 

$3,000 

3.566 

2.962 

0.18 

0.03 

Anclote  River 

15.0 

1.00 

$15,000 

7.241 

1.975 

0.36 

0.02 

Casey  Pass 

3.0 

1.00 

$3,000 

0.434 

0.408 

0.02 

0.00 

Charlotte  Harbor 

4.5 

1.00 

$4,500 

7.000 

2.660 

0.35 

0.03 

Clearwater  Pass 

2.5 

1.00 

$2,500 

3.090 

2.301 

0.15 

0.02 

Hillsborough  River 

9.0 

0.50 

$4,500 

2.414 

24.375 

0.12 

0.24 

IUU-  CR  to  AR 

30.0 

1.00 

$30,000 

139.680 

260.650 

1.25 

0.5 

6.98 

2.61 

Johns  Pass 

7.5 

1.00 

$7,500 

1.759 

1.539 

0.09 

0.02 

Longboat  Pass 

5.0 

1.00 

$5,000 

1.646 

1.317 

0.08 

0.01 

Mew  Pass 

4.5 

1.00 

$4,500 

3.493 

2.997 

0.17 

0.03 

Ozona 

3.0 

0.50 

$1,500 

1.136 

1.136 

0.06 

0.01 

Pass-A-Gri l le  Pass 

3.0 

0.50 

$1,500 

2^567 

1.990 

0.13 

0.02 

St.  Petersburg  Harbor 

3.0 

1.00 

$3,000 

5.728 

6.616 

0.25 

0.29 

0.07 

Tampa  Harbor 

90.0 

1.00 

$90,000 

117.250 

43.460 

1 

5.86 

0.43 

Totals 

$183 

$175,500 

296.9 

354.4 

3.0 

0.5 

14.8 

3.5 
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Table  C-5 


FL-IUU  OPERATING  COSTS  PER  MISSION 


HELICOPTER  COSTS  Assumptions  Mission  Totals 


Helicopter  Lease  Cost  (Fixed) 

*3,000 

Helicopter  Lease  Cost  ($/Flt.Hr) 

*660 

Helicopter  Ferry  &  Set  Up  (Days) 

4 

*12,000 

Helicopter  Ferry  Flight  Hours  (RT) 

16.00 

*10,560 

Number  of  Mission  Days--Hlcptr  Crew 

3 

*9,000 

Helicopter  Mission  Flight  Hours 

18.4 

*12,137 

Travel  S  Per  Diem  (Per  Prsn/Day) 

*70 

*1,470 

Total  Helicopter  Costs 

*45,167 

LASER  CREW  COSTS 

Number  of  Mission  Oays--Laser  Crew 

3 

Tech  Laser  Crew  (Nmbr  &  Avg  Price) 

2  *312.5 

*1,875 

Travel  &  Per  Diem  (Per  Prsn/Oay) 

*70 

*420 

Total  Laser  Crew  Cost 

*2,295 

OTHER  COSTS 

Number  of  Mission  Oays--Ground  Crew 

3.5 

Ground  Crew  (Nmbr  &  Avg  Price) 

2  *275 

*1,925 

Travel  S  Per  Diem  (Per  Prsn/Day) 

*70 

*490 

Ground  Transportation 

*50 

*350 

Number  of  Survey  Hours 

14.85 

Post  Processing  (Technician  S/Hr) 

*38 

*5,567 

Efficiency  Factor 

(X  Helicopter  Flight,  Laser  Crew 

15. OX 

*2,937 

Total  Other  Costs 

II 

II 

II 

II 

II 

II 

II 

II 

<1 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

*11,269 

TOTAL  OPERATING  COSTS  PER  MISSION  *58,731 
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Table  C-6 


FL-1WU 

UNIT  OPERATING  COST  (per  hour) 
Operating  Coets  per  Mission 
Helicopter  Mission  Flight  Hours 
Unit  Operating  Cost  (S/Hrs) 


*58,731 

18.4 

*3,194 


UNIT  OPERATING  COST  (per  Square  Nautical  Mite) 


Operating  Costs  per  Mission 
Number  of  Survey  Hours 
Coverage  Rate  (Sq  N  Hiles/Hr) 

Unit  Operating  Cost  (S/S.N.M.) 


*58,731 

14.7 

*4,006 


SQUARE  AREA  SURVEYED 


Nautical  Mites 
Kilometers 


14.66 

27.15 
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Appendix  D 

PROTECTS  BASED  AT  HOLLYWOOD  AIRPORT.  NORTH  PERRY  FLORIDA 

There  are  six  projects  based  at  Hollywood  Airport.  Four  of  these  projects  are 
relatively  small  and  as  such  can  probably  be  completed  in  one-half  day.  These  include 
Lake  Worth,  Port  Everglades,  Bakers  Haulover  Inlet  and  Miami  Harbor.  Miami  Beach, 
the  fifth  project,  will  take  a  day  and  entail  three  trips  with  two  refueling  stops  at  the 
Hollywood  Airport.  San  Juan,  the  sixth  project,  will  take  three  and  one-half  days.  It 
will  take  one  and  one-half  days  to  fly  from  Hollywood  Airport  to  San  Juan.  Then  it  will 
take  one-half  day  to  survey.  Finally,  it  will  take  one  and  one-half  days  to  return  to 
Hollywood  Airport. 

If  UHF  trisponders  are  used,  ground  crew  logistics  would  be  as  follows.  The  first 
ground  vehicle  will  place  UHF  trisponders  at  Palm  Beach  and  Greenacres  City.  The 
other  vehicle  will  place  units  at  Ft.  Lauderdale  and  Hollywood  and  carry  the  fifth  unit  to 
North  Miami  Beach.  These  five  UHF  units  will  cover  surveys  of  Lake  Worth,  Port 
Everglades  and  Baker's  Haulover  Inlet.  As  soon  as  the  helicopter  has  left  Lake  Worth, 
the  first  vehicle  will  collect  UHF  units  from  Palm  Beach  and  Greenacres  City  and 
proceed  to  deposit  one  at  Key  Biscayne  to  cover  the  Miami  Beach  near  shore  survey, 
and  Miami  Harbor.  When  these  surveys  are  completed,  the  vehicles  will  collect  their 
units  and  return  to  base.  Set-up  and  disassembly  of  the  UHF  trisponders  will  require 
one-half  day  each. 

In  the  case  of  San  Juan,  ground  crew  logistics  require  only  that  one  ground 
vehicle  proceed  to  Army  Terminal  and  the  other  to  Isla  San  Juan  and  both  remain  there 
until  the  survey  is  finished. 
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SCENARIO  ANALYSIS 


Lake  Worth,  Florida 

The  Lake  Worth  project  is  located  in  Palm  Beach  Harbor,  Florida.  Access  from 
Hollywood  Airport  to  the  Lake  Worth  Inlet  (Figure  D-l)  is  42.8  nautical  miles  which  will 
require  0.428  hours  at  100  knots.  The  helicopter  pilot  will  begin  the  survey  at  the  point 
of  the  harbor  closest  to  the  North  Revetment.  The  survey  of  the  east  end  of  Lake  Worth 
Inlet  will  require  two  passes  of  length  4,100  feet  or  1.35  nautical  miles.  The  west  end  of 
Lake  Worth  Inlet  will  require  one  pass  of  2,300  feet  or  0.38  nautical  miles.  The  survey  of 
the  turning  basin  and  area  adjacent  to  the  Port  of  Palm  Beach  would  require  five  passes 
for  an  average  width  of  1,650  feet.  This  is  a  distance  of  1.36  nautical  miles.  At  the 
completion  of  this  survey,  the  helicopter  will  be  located  at  the  east  end  of  Lake  Worth 
Inlet  and  will  proceed  to  Port  Everglades.  The  total  survey  is  3.09  nautical  miles  which 
will  require  0.155  ho’>rs.  The  total  deadhead  is  42.8  nautical  miles  or  .428  hours  for  a 
total  of  .583  hours.  The  GPS  lor  this  project  is  located  at  Hollywood  Airport.  UHF 
trisponders  for  this  project  should  be  located  on  television  or  radio  towers  (or  on  the 
roof  of  a  high-rise  building)  in  the  cities  of  Palm  Beach  and  Greenacres  City.  The  calcu¬ 
lations  are  summarized  in  Table  D-l. 
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Table  D-l 


Lake  Worth  -  Palm  Beach  Harbor 


Deadhead  from  Hollywood  Airport  to 

Lake  Worth  Inlet  = 

Lake  Worth  Inlet  East  End 

42.8 

NM 

2  passes  @  4100'  = 

Lake  Worth  Inlet  West  End 

1.35 

NM 

1  pass  @  2300'  = 

0.38 

NM 

Turning  Basin 

5  passes  @  avg.  width  1650'  = 

1.36 

NM 

Total  Survey  =  3.09  NM 

.155  Hr. 

Total  Deadhead  =  42.8  NM 

.428  Hr. 

Total  45.17  NM 

.583  Hr. 

Port  Everglades.  Florida 

Port  Everglades,  Florida,  is  the  port  facility  adjacent  to  Fort  Lauderdale,  Florida. 
The  helicopter  will  proceed  from  Lake  Worth  to  the  Stranahan  River  entrance  to  the 
harbor  (Figure  D-2).  The  deadhead  to  this  point  is  29.9  nautical  miles.  The  helicopter 
will  then  proceed  to  the  lower  turning  basin  which  requires  four  passes  of  length  4,000 
feet  or  2.63  nautical  miles.  The  entrance  channel  will  require  two  passes  of  4,500  feet  or 
1.48  nautical  miles.  The  northernmost  part  of  the  turning  basin  requires  two  passes  of 
length  800  feet  or  0.263  nautical  miles.  After  completion  of  the  turning  basin  the  heli¬ 
copter  will  proceed  to  Bakers  Haulover  Inlet.  The  total  survey  is  4.373  nautical  miles 
which  takes  0.219  hours.  The  total  deadhead  is  29.9  nautical  miles  or  0.299  hours  for  a 
total  of  0.518  hours.  The  GPS  for  this  project  is  at  Hollywood  Airport.  The  UHF  stations 
for  this  project  should  be  located  on  television  or  radio  towers  (or  on  the  roof  of  high- 
rise  buildings)  in  the  cities  of  Ft.  Lauderdale  and  Hollywood.  The  calculations  are 
summarized  in  Table  D-2. 
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Table  D-2 


Port  Everglades,  FL 

Deadhead  Lake  Worth  to  Port  Everglades  =  29.9  NM 

Lower  Turning  Basin 

4  passes  4,000'  long  =  2.63  NM 

Channel 

2  passes  4,500'  long  =  1 .48  NM 

Upper  Turning  Basin 

2  passes  800' long  =  0.263  NM 

Total  Deadnead  =  29.9  NM  =  0.299  Hrs. 

Total  Survey  =  4,373  NM  =  0.219  Hrs. 

Total  34.273  NM  0.518  Hrs. 
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Bakers  Haulover  Inlet.  Florida 

Bakers  Haulover  Inlet  is  near  the  town  of  Bal  Harbor,  Florida,  along  the  intra¬ 
coastal  waterway.  The  helicopter  will  survey  this  channel  starting  at  the  west  entrance 
which  is  6.95  nautical  miles  from  Bakers  Haulover  Inlet.  The  west  entrance  will  require 
one  pass  of  66 7  feet  or  0.110  nautical  miles.  The  north  entrance  to  the  channel  will  be 
surveyed  in  one  pass  for  0.296  nautical  miles.  The  marina  basin  will  require  an  addi¬ 
tional  pass  of  0.285  nautical  miles.  The  area  of  the  channel  south  of  the  marina  will 
require  one  pass  of  0.593  nautical  miles.  The  total  survey  is  1.284  nautical  miles  which 
will  take  0.064  hours.  Total  deadhead  is  6.95  nautical  miles  or  0.070  hours.  The  total 
survey  time  including  deadhead  is  0.131  hours.  The  GPS  for  this  project  is  at 
Hollywood  Airport.  (Figure  D-3).  The  UHF  stations  for  this  survey  should  be  located 
on  television  or  radio  towers  (or  on  the  roof  of  high-rise  buildings)  in  the  cities  of 
Hollywood  and  North  Miami  Beach.  The  calculations  are  summarized  in  Table  D-3. 
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Table  D-3 


Bakers  Haulover  Inlet 


Deadhead  Port  Everglade 
Haulover  Inlet  = 

West  Entrance  667'  1  Pass 

North  Entrance  1,400' 
Marina  Basin  1,700' 
South  of  Marina 


to  Bakers 


6.95  NM 

- 

.110  NM 

1  Pass  = 

.296  NM 

1  Pass  = 

.285  NM 

3,600'  1  Pass  = 

.593  NM 

Survey 

Total  Deadhead 
Overall  Total 


1.284  NM 
6.95  NM 
8.234  NM 


0.064  Hr. 
0.070  Hr. 
.131  Hr. 
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Miami  Harbor.  Miami  Beach.  Florida 


Miami  Harbor  consists  of  the  Miami  ship  channel  and  turning  basin  which  passes 
through  Miami  Beach  on  its  way  to  the  Port  of  Miami,  Florida.  Deadhead  access  to  the 
turning  basin  (Figure  D-4)  is  7.23  nautical  miles  from  Bakers  Haulover  Inlet.  The  Outer 
Bar  Cut  requires  two  passes  for  a  total  of  4,500  feet  or  1.48  nautical  miles.  The  Bar  Cut 
turn  will  require  four  passes  of  1,500  feet  length  or  0.99  nautical  miles.  The  Bar  Cut 
itself  requires  two  passes  of  2,500  feet  or  0.82  nautical  miles.  The  pilot  then  surveys 
Government  Cut  in  two  passes  for  a  length  of  4,000  feet  or  1.32  nautical  miles.  There  is 
a  turning  basin  at  Fisher  Island  between  the  existing  FEC  channel  and  the  Miami  ship 
channel  which  requires  four  passes  for  a  distance  of  1,000  feet  or  0.66  nautical  miles. 

The  helicopter  then  proceeds  to  the  area  adjacent  to  the  Causeway  which  is  12,500  feet 
long  or  4.11  nautical  miles  and  requires  two  passes.  The  seaport  area  requires  six  passes 
or  1 .97  nautical  miles.  At  this  point  the  pilot  returns  to  Hollywood  Airport,  a  distance  of 
14.9  nautical  miles.  The  total  survey  is  11.35  nautical  miles  and  will  require  0.568  hours. 
Total  deadhead  is  22.13  nautical  miles  and  requires  0.221  hours  for  a  total  of  0.789  hours. 
The  GPS  for  this  project  is  Hollywood  Airport.  The  UHF  stations  for  this  project  should 
be  located  on  television  or  radio  towers  (or  on  the  roof  of  high-rise  buildings)  in  the 
cities  of  North  Miami  Beach  and  Key  Biscayne.  The  calculations  are  summarized  in 
Table  D-4. 
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Table  CM 


Deadhead  Bakers  Haulover  Inlet  to  Miami  Harbor  = 
Outer  Bar  Cut 

4,500' 2  passes  = 

Bar  Cut  Turn 

1,500'  4  passes  = 

Bar  Cut 

2,500'  2  passes  = 

Government  Cut 

4,000'  2  passes 
Fisher  Island  (take  1/2  of 
longest  side  for  traverse) 

1,000'  4  passes  = 

Causeway 

12,500'  2  passes  = 

Seaport 

2,000'  6  passes  = 

Deadhead  return  from  Seaport 

Total  Survey  =  11.35NM  - 

Total  Deadhead  22.13  NM 

Total  33.48 


7.23  NM 
1.48  NM 
0.99  NM 
0.82  NM 
1.32  NM 

0.66  NM 

4.11  NM 

1.97  NM 
14.9 

0.568  Mrs. 
0.221 

0.789  Mrs. 
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Miami  Beach  Near  Shore  Survey 

This  survey  consists  of  monitoring  a  ten  nautical  mile  by  3,000  foot  area  of  ocean 
front.  This  area  is  currently  monitored  using  conventional  techniques  which  take 
soundings  in  lines  perpendicular  to  the  beach  with  1,000-foot  spacing.  Conventional 
cost  per  line  is  $1,200.  The  ten  mile  beachfront  requires  61  lines  for  a  cost  of  $73,200. 

The  helicopter  will  fly  a  300-foot  swath  10  miles  long  and  then  turn  around  and 
survey  the  next  swath  farther  out  to  sea.  By  so  doing,  the  helicopter  will  collect  sound¬ 
ings  for  the  entire  five  square  nautical  mile  area  rather  than  lines  at  1,000  foot  spacings. 

The  helicopter,  based  at  the  Hollywood  Airport,  will  fly  eight  nautical  miles  and 
then  150  feet  to  the  northernmost  point  of  the  survey  area.  It  will  then  fly  four  passes, 
first  south  then  north,  and  finally  conclude  at  the  northern  end  of  the  survey  course. 

The  four  passes  of  ten  nautical  miles  each  will  take  the  helicopter  two  hours.  At  this 
time  it  will  fly  8.27  miles  back  to  the  airport  to  refuel. 

In  its  second  trip,  the  helicopter  will  fly  again  to  the  northernmost  point  of  the 
survey  area  and  fly  .32  nautical  miles  to  the  top  of  the  fifth  pass.  It  will  again  fly  south 
and  north  four  times,  winding  up  at  the  northeastern  corner  of  the  survey  area.  It  will 
then  fly  8.47  nautical  miles  back  to  the  airport  to  refuel.  On  its  third  trip,  the  helicopter 
will  fly  to  the  northernmost  point  of  the  survey  and  fly  the  remaining  two  passes  to 
finish  the  survey.  It  will  then  return  to  the  airport. 

In  total,  the  helicopter  will  spend  5.505  hours  in  flight  of  which  five  hours  will  be 
spent  surveying.  The  GPS  for  this  project  is  located  at  Hollywood  Airport.  The  UHF 
stations  for  this  project  are  located  in  North  Miami  Beach  and  Key  Biscayne.  The 
calculations  are  summarized  in  Table  D-5. 
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Table  P-5 


MIAMI  BEACH  NEAR  SHORE  SURVEY 


Trip  One: 

Airport  to  Survey 
Six  Passes 
Survey  to  Airport 
Total 


Trip  Two: 

Airport  to  Survey 
Five  Passes 
Survey  to  Airport 
Total 


Trip  Three 

Airport  to  Survey 
Two  Passes 
Survey  to  Airport 
Total 


Total  Survey 
Total  Deadhead 
Total 


8.02  NM 

.080 

Hrs. 

40  NM 

2.000 

Hrs. 

8.27  NM 

.083 

Hrs. 

2163 

Hrs. 

8.32  NM 

.083 

Hrs. 

40  NM 

2.0 

Hrs. 

8.57  NM 

.086 

Hrs 

57  NM 

2.169 

Hrs 

8.62  NM 

.086 

Hrs. 

20  NM 

1.0 

Hrs. 

8.72  NM 

087 

Hrs. 

1.173 

Hrs. 

Miles 

Time 

100  NM 

5  Hrs. 

50.52NM 

0.505  Hrs. 

150.52  NM  5.505  Hrs. 
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San  Tuan.  Puerto  Rim 


San  Juan  poses  an  extra  challenge  compared  to  other  scenarios,  since  it  lies  far 
away  irom  other  Army  Corps  projects.  For  purpose  of  this  scenario,  it  was  assumed 
that  San  Juan  would  be  surveyed  with  the  same  helicopter  used  for  the  Miami- 
Hollywood  surveys.  Thus,  the  costs  embodied  in  this  scenario  do  not  include  the  set-up 
costs  nor  the  costs  of  ferrying  the  helicopter  from  the  helicopter's  home  base.  It  does 
include,  however,  the  cost  of  ferrying  the  helicopter  between  Miami  and  San  Juan. 

Using  the  four-hour  flight  time  restriction,  the  helicopter  would  need  to  make 
stops  in  San  Salvador,  Bahamas  (330  NM),  Puerto  Plata,  Dominican  Republic  (348  NM), 
and  finally  San  Juan  (295  NM).  This  would  require  nine  hours  and  44  minutes  of  flight, 
which  would  require  approximately  one-and-one-half  days,  factoring  for  time  required 
for  fueling  stops.  Thus,  the  helicopter  would  fly  to  Puerto  Plata  on  day  one.  It  would 
fly  to  San  Juan  and  survey  the  harbor  on  day  two,  and  then  fly  to  San  Salvador  on  day 
three,  and  return  to  Miami  the  morning  of  day  four. 

Surveying  San  Tuan 

San  Juan  Harbor  has  a  series  of  large  ship  channels  to  be  surveyed  using  the 
I.idar  technology.  (Figure  D-5).  The  project  should  easily  be  completed  within  a  single 
four-hour  period  of  time.  The  helicopter  will  be  based  at  San  Juan  Airport  which  is 
approximately  five  nautical  miles  from  the  Army  Terminal  Harbor  section  of  San  Juan 
Harbor.  The  GPS  station  for  this  project  would  be  located  at  San  Juan  Airport.  UHF 
trisponders  for  this  project  would  be  located  at  Carolina  and  Bayamon  on  television  or 
radio  towers  (or  on  a  high-rise  building). 

The  helicopter  will  begin  its  survey  at  the  Army  Terminal  and  will  proceed  to 
survey  Puerto  Nuevo  in  two  passes  of  5000  feet  length  or  1.65  nautical  miles  (Figure  D- 
5).  The  helicopter  then  surveys  the  Graving  Dock  South  area  in  ten  passes  of  3000  feet 
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or  4.94  nautical  miles.  The  pilot  will  then  survey  the  Graving  Dock  Channel  in  two 
passes  of  4,200  feet  or  1.38  nautical  miles,  by  again  first  circling  the  harbor  before  the 
second  pass. 

The  helicopter  then  surveys  its  first  pass  over  Army  Terminal  Channel  and  then 
finishes  Puerto  Nuevo  Channel  and  Graving  Dock  Channel.  The  helicopter  will  then 
proceed  to  Isla  Grande  West  and  survey  in  five  passes  of  3,800  feet  or  3.13  nautical 
miles.  The  helicopter  will  survey  San  Antonio  Channel  West  in  14  passes  of  3,500  feet  or 
8.06  nautical  miles.  The  pilot  will  then  survey  San  Antonio  Channel  in  three  passes  of 
5,400  feet  or  2.67  nautical  miles.  The  helicopter  will  then  deadhead  to  San  Antonio 
Channel  West,  a  distance  of  3,700  feet  or  0.609  nautical  miles.  The  helicopter  will  then 
survey  Anegato  and  Bar  Channels  in  four  passes  of  13,000  feet  or  8.56  nautical  miles. 

The  helicopter  will  then  survey  Anegato  Channel  West  in  four  passes  at  4,500  feet  or 
2.96  nautical  miles  and  then  proceed  to  Army  Terminal  Channel  which  it  will  survey  in 
two  passes  at  4,500  feet  or  1.48  nautical  miles  (Figure  D-5). 

Army  Terminal  Harbor  will  require  ten  passes  of  2,400  feet  in  length  or  3.95 
nautical  miles.  At  this  point  the  survey  will  be  completed  and  the  helicopter  will 
deadhead  from  Army  Terminal  channel  to  San  Juan  Airport.  The  GPS  for  this  project 
will  be  located  at  San  Juan  Airport.  The  UHF  trisponders  for  this  project  will  be  located 
at  Army  Terminal  and  on  Isla  San  Juan.  Total  survey  distance  is  39.39  nautical  miles 
which  will  require  1.971  hours.  Total  deadhead  for  this  project  is  10.61  nautical  miles  to 
require  0.106  hours.  Total  survey  time  is  2.077  hours.  The  calculations  are  summarized 
on  Table  D-6. 
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Tabte  D-6 


San  Juan,  PR 


Army  Terminal 

10  passes  2,400'  = 

3.95  NM 

Puerto  Nuevo  Channel 

2  passes  5,000'  = 

1.65  NM 

Graving  Dock 

10  passes  3,000'  = 

4.94  NM 

Graving  Dock  Channel 

2  passes  4,200'  = 

1.38  NM 

Isla  Grande  West 

5  passes  3,800'  = 

3.13  NM 

San  Antonio  Channel  West 

14  passes  3,500'  = 

8.06  NM 

San  Antonio  Channel 

3  passes  5,400'  = 

2.67  NM 

Deadhead  to  San  Antonio  Channel  West 
3,700' 

0.609  NM 

Anegado  and  Bar  Channel 

4  passes  @  13,000'  = 

8.56  NM 

Anegado  Channel  West 

4  passes  @  4,500'  = 

2.96  NM 

Army  Terminal  Channel 

2  passes  @  4,500'  = 

1.48  NM 

Deadhead  to  Airport  from  Army  Terminal  Harbor: 
Deadhead  from  Airport  to  Army  Terminal  Channel: 

Total  Survey:  39.39  NM  - 

Survey  Deadhead:  10.61  NM  = 

1.971  Hr. 
0.106  Hr. 

Total: 

2.077  Hr. 

Survey  Deadhead 

Access  Deadhead 

Total  Deadhead 

10.61  NM 
1946  NM 
1956.61  NM 

5 

5 


0.106  Hr. 
19.46  Hr, 
19.566  Hr. 
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MISSION  COSTS 


The  total  survey  nautical  miles  for  this  mission  are  159.5,  taking  the  helicopter 
7.97  hours,  while  the  deadhead  nautical  miles  are  2,091.5,  taking  the  helicopter  20.91 
hours.  The  expected  conventional  cost  for  this  scenario  is  $151,700  (Table  D-7).  The 
HLBS  would  be  used  for  nine  days.  This  includes  four  days  of  ferry  and  set  up  and  five 
days  of  surveying  as  shown  in  Table  D-8.  The  total  cost  per  mission  is  $73,059,  which 
consists  of  helicopter  cost  of  $58,517,  laser  crew  cost  of  $3,825;  and  other  costs  as  shown 
in  the  table.  The  operating  cost  per  hour  for  this  scenario  has  been  calculated  to  be 
$2,529  as  shown  in  Table  D-9.  Table  D-9  also  shows  operating  costs  per  square  nautical 
mile  of  $9,278. 
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Table  D-7 


Project  Description  of  Hollywood  Mission 

( - Conventional  —  |  | - HIBS 


Cost 

Survey  Expected 

—  Nautical 

Mi les--- 

Survey 

Extra 

Su'vey  Deadhead 

projects 

($000) 

f  req 

Cost 

Survey 

Oeadhead 

Oays  Grnd  Days 

(Hours) 

(Hours) 

Bakers  Haulover 

6.0 

1.00 

$6,000 

1.284 

6.95 

0.5 

0.06 

0.07 

Miami  Beach 

73.2 

1.00 

$73,200 

100 

33.08 

1 

5.00 

0.33 

Miami  Harbor 

15.0 

1.00 

$15,000 

11.350 

22.130 

0.57 

0.22 

Palm  Beach/Lake  Worth 

8.0 

1.00 

$8,000 

3.09 

42.8 

0.15 

0.43 

Port  Everglades 

•4.5 

1. 00 

$4,500 

4.373 

29.900 

0.22 

0.30 

San  Juan  Harbor 

45.0 

1.00 

$45,000 

39.390 

1956.610 

3.5 

1.97 

19.57 

Totals  S152  SIS  T,  TOO  159.5  2091.5  5.0  0.0  8.0  20.9 
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Table  D-8 


Hollywood  OPERATING  COSTS  PER  MISSION 


HELICOPTER  COSTS  Assumptions  Mission  Totals 


Helicopter  Lease  Cost  (Fixed) 

*3,000 

Helicopter  Lease  Cost  ($/Flt.Hr) 

*660 

Helicopter  Ferry  &  Set  Up  (Days) 

4 

*12,000 

Helicopter  Ferry  flight  Hours  (RT) 

16.00 

*10,560 

Number  of  Mission  Days--Hlcptr  Crew 

5 

*15,000 

Helicopter  Mission  Flight  Hours 

28.9 

*19,067 

Travel  &  Per  Oiem  (Per  Prsn/Oay) 

*70 

*1,890 

Total  Helicopter  Costs 

*58,517 

LASER  CREW  COSTS 

Number  of  Mission  Days- -Laser  Crew 

5 

Tech  Laser  Crew  (Nmbr  &  Avg  Price) 

2  *312.5 

*3,125 

Travel  &  Per  Oiem  (Per  Prsn/Oay) 

*70 

*700 

Total  Laser  Crew  Cost 

*3,825 

OTHER  COSTS 

Number  of  Mission  Days--Ground  Crew 

5 

Ground  Crew  (Nmbr  &  Avg  Price) 

2  *275 

*2,750 

Travel  &  Per  Oiem  (Per  Prsn/Oay) 

*70 

*700 

Ground  Transportation 

*50 

*500 

Number  of  Survey  Hours 

7.97 

Post  Processing  (Technician  $/Hr) 

*38 

*2.990 

Efficiency  Factor 

(X  Helicopter  Flight,  Laser  Crew 

15. OX 

*3,777 

Total  Other  Costs 

*10,718 

TOTAL  OPERATING  COSTS  PER  MISSION 

*73,059 
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Table  D-9 


Hollywood 


UNIT  OPERATING  COST  (per  hour) 


Operating  Costs  per  Mission 
Helicopter  Mission  Flight  Hours 
Unit  Operating  Cost  (I/Hrs) 


UNIT  OPERATING  COST  (per  Square  Nautical  Mile) 


Operating  Costs  per  Mission 

Number  of  Survey  Hours  7.97 

Coverage  Rate  (Sq  N  Mites/Hr)  0.99 

Unit  Operating  Cost  (S/S.N.M.) 


SQUARE  AREA  SURVEYED 


7.87 

14.58 


Nautical  Miles 
Ki lometers 


*73,059 
28. 9 
*2,529 


*73,059 

7.9 

*9,278 
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Appendix  E 
MAINE  HARBORS 


This  section  deals  with  the  hydrographic  survey  of  37  harbors  along  the  coast  of 
Maine.  The  survey  is  divided  into  six  survey  trips  requiring  a  maximum  of  seven  UHF 
stations.  It  is  estimated  that  the  six  trips  can  be  completed  in  six  days.  Since  each  of  the 
harbors  in  Maine  must  have  a  tide  gauge  present  when  the  helicopter  takes  its  readings, 
the  logistics  required  to  move  UHF  stations  and  tide  gauges  prohibit  more  than  two 
survey  trips  per  day.  Due  to  the  mountainous  terrain  of  parts  of  coastal  Maine,  UHF 
stations  will  be  sited  on  the  highest  available  local  ground.  The  six  trips  have  been 
grouped  not  by  their  relative  sizes,  but  rather  on  proximity  of  25  miles  or  less  to  two 
suitable  sites  for  UHF  stations.  Hence,  the  trips  vary  in  duration  from  less  than  one 
hour  to  over  four  hours  each  (including  any  stops  for  refueling). 
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TRIP  ONE 

This  first  survey  of  Maine  harbors  will  cover  five  harbors  with  the  helicopter 
based  at  Bar  Harbor  Airport.  The  harbors  to  be  surveyed  include:  Bucks  Harbor, 
Machias  River,  Eastport  Harbor,  Lubec  Channel,  and  St.  Croix  River  (Figures  E-l 
through  E-5).  The  survey  of  these  harbors  will  require  three  ground  stations  located  at 
Machias,  Lubec,  and  Calais,  respectively. 

Scenario  Analysis 

The  helicopter  will  leave  Bar  Harbor  Airport  and  fly  deadhead  to  Bucks  Harbor, 
a  distance  of  43.3  nautical  miles  which  will  require  0.433  hours.  The  survey  at  Bucks 
Harbor  (Figure  E-l)  requires  two  passes  of  total  length  2,400  feet  or  0.39  nautical 
miles  taking  0.02  hours. 

The  helicopter  will  deadhead  from  Bucks  Harbor  to  Machias  River  (Figure  E-2),  a 
distance  of  5.48  nautical  miles  requiring  0.055  hours.  The  survey  is  a  straight  line  along 
the  Machias  River  for  a  distance  of  13,600  feet  or  2.24  nautical  miles  requiring  0.112 
hours. 

The  helicopter  will  deadhead  to  Eastport  Harbor,  a  distance  of  22.94  nautical 
miles  requiring  0.229  hours.  The  survey  at  Eastport  Harbor  (Figure  E-3)  requires 
one  pass  in  a  straight  line  of  length  681  feet  or  0.112  nautical  miles  requiring  0.006  hours. 

The  helicopter  will  deadhead  from  Eastport  Harbor  to  Lubec  Channel,  a  distance 
of  2.89  nautical  miles  requiring  0.029  hours.  The  survey  of  Lubec  Channel  (Figure  E-4) 
requires  two  passes  of  total  length  26,200  feet  or  4.31  nautical  miles  requiring  0.216 
hours. 

The  helicopter  will  deadhead  from  Lubec  Channel  to  the  St.  Croix  River  at  Calais, 
a  distance  of  37.5  nautical  miles,  requiring  0.375  hours.  The  survey  of  the  St.  Croix  River 
(Figure  E-5)  at  this  point  requires  a  single  pass  of  18,975,  feet  or  3.12  nautical  miles, 
requiring  0.156  hours. 
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The  GPS  for  these  surveys  is  located  at  Machias.  UHF  stations  for  this  survey 
would  be  located  at  Pembroke  and  Northfield,  ME.  A  total  of  five  automatic  tide  gauges 
are  required  for  these  surveys. 

The  helicopter  then  returns  to  Bar  Harbor  Airport,  a  distance  of  63.5  nautical 
miles  requiring  0.635  hours.  Because  there  are  a  number  of  very  short  surveys,  a  two 
minute  allowance  has  been  made  for  the  helicopter  to  get  up  to  cruising  speed  and 
decelerate  to  surveying  speed  for  each  harbor  which  is  less  than  ten  nautical  miles  from 
the  previous  harbor  that  was  surveyed.  This  adds  a  deadhead  allowance  of  0.067  hours 
(Table  E-l). 

Deadhead  travel  time  for  this  series  of  five  harbor  surveys  is  1.823  hours.  Along 
with  survey  time  of  0.509  hours,  this  trip  requires  2.332  hours. 

Logistics  for  Trip  One  require  a  tide  gauge  reading  at  each  harbor  at  the  time 
that  it  is  being  surveyed.  The  five  harbors  will  require  three  automatic  tide  gauges  to  be 
placed  before  the  survey  begins.  The  two  ground  vehicles  can  be  used  to  man  the 
remaining  two  harbors  until  the  survey  is  complete  when  they  can  be  used  to  retrieve 
the  other  tide  gauges. 
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Figure  E-l 
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Table  E-l 


MAINE  HARBOR  SURVEY  TRIP  ONE  (BAR  HARBOR 


Bucks  Harbor 
Machias  River 
Eastport  Harbor 
Lubec  Channel 
St.  Croix  River 

Bucks  Harbor 


(Figure  E-l) 
(Figure  E-2) 
(Figure  E-3) 
(Figure  E-4) 
(Figure  E-5) 


Deadhead  from  base  at  Bar  Harbor  43.3  NM 

Survey:  2,400'  0.39  NM 

Machias  River 

Deadhead  from  Bucks  Harbor  5.48  NM 

Survey:  13,600'  2.24  NM 

Eastport  Harbor 

Deadhead  from  Machias  River  22.94  NM 

Survey:  681'  0.112  NM 

Lubec  Channel 

Deadhead  from  Eastport  Harbor  2.89  NM 

Survey:  26,200'  4.31  NM 

St.  Croix  River 

Deadhead  from  Lubec  Channel  37.5  NM 

Survey:  18,975'  3.12  NM 

Deadhead  to  base  at  Bar  Harbor  63.5  NM 

Short  trip  deadhead  allowance  6.7  NM 

Total  deadhead  182.3  NM 

Total  survey  10.17  NM 

Total  192.47  NM 


AIRPORT) 


0.433  Hr. 
0.02  Hr. 


0.055  Hr. 
0.112  Hr. 


0.229 

0.006 


0.029 

0.216 


0.375 
0.156 

0.635 
0.067 
1.823  Hr. 
0.509  Hr. 
2.332  Hr. 
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TRIP  TWO 


This  is  a  series  of  six  harbors  to  be  surveyed  from  a  helicopter  based  at  Bar 
Harbor  Airport.  These  harbors  include  Jonesport  Harbor,  Pig  Island  Gut,  Beals  Harbor, 
Corea  Harbor,  Bunker  Harbor  (Gouldsboro)  and  Winter  Harbor.  (Figures  E-6  through 
E-ll). 

The  GPS  station  for  these  surveys  will  be  located  at  West  Gouldsboro,  Me.  UHF 
stations  for  this  project  will  be  located  at  Columbia  Falls  and  West  Gouldsboro,  ME.  A 
total  of  four  automatic  tide  gauges  will  be  required  for  these  surveys,  plus  the  two 
manned  ground  vehicles. 

Because  there  are  numerous  stops  along  this  survey  route  this  analysis  allows  for 
helicopter  acceleration  and  deceleration  when  the  distance  from  one  harbor  to  the  next 
is  less  than  ten  nautical  miles.  This  allowance  consists  of  two  minutes  per  harbor  for  a 
total  of  0.30  hours. 

Scenario  Analysis 

The  helicopter  will  fly  from  Bar  Harbor  Airport  to  Jonesport  Harbor  (Figure 
E-6),  a  distance  of  33.2  nautical  miles  which  will  require  0.332  hours.  The  survey  of 
Jonesport  Harbor  will  require  three  passes  of  total  length  3,990  feet,  or  0.657  nautical 
miles,  requiring  0.033  hours. 

The  helicopter  will  proceed  from  Jonesport  to  Pig  Island  Gut  (Figure  E-7)  which 
is  a  channel  between  Pig  Island  and  Great  Wass  Island,  a  distance  of  0.72  nautical  miles 
requiring  0.007  hours.  The  helicopter  flies  a  single  pass  along  this  narrow  channel  of 
6,400  feet  or  1.053  nautical  miles  in  length.  This  takes  0.053  hours. 

The  helicopter  will  proceed  from  Pig  Island  Gut  to  Beals  Harbor  (Figure  E-8), 
a  distance  of  0.72  nautical  miles  requiring  0.007  hours.  The  survey  of  Beals  Harbor  can 
be  accomplished  in  four  passes  of  total  length  3,000  feet  or  0.494  nautical  miles  requiring 
0.025  hours. 
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The  helicopter  vill  proceed  directly  from  Beals  Harbor  to  Corea  Harbor  (Figure 
E-9),  a  distance  of  17.03  nautical  miles  requiring  0.17  hours.  The  survey  of  Corea  Harbor 
requires  a  total  survey  length  of  2,926  feet  or  0.481  nautical  miles  taking  0.024  hours. 

The  helicopter  will  proceed  from  Corea  Harbor  to  Bunker  Harbor  (Figure  E-10),  a 
distance  of  5.34  nautical  miles  requiring  0.053  hours.  The  survey  of  Bunker  Harbor  can 
be  accomplished  in  a  single  pass  of  length  806  feet  or  0.133  nautical  miles  requiring 
0.006  hours. 

The  helicopter  will  proceed  from  Bunker  Harbor  to  Winter  Harbor  (Figure  E-ll), 
a  distance  of  5.8  nautical  miles  requiring  0.058  hours.  The  survey  of  Winter  Harbor  will 
require  two  passes  of  total  length  2,000  feet  or  0.329  nautical  miles  requiring  0.016 
hours. 

The  helicopter  will  then  return  to  Bar  Harbor  Airport  (5.05  NM).  Total  deadhead 
miles  for  this  survey  is  75.36  NM  requiring  0.754  hours.  Total  survey  distance  is  2.818 
NM  requiring  0.141  hours.  The  total  time  to  complete  this  survey  is  0.895  hours  (Table 
E-2). 
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Table  E-2 

MAINE  HARBOR  SURVEY  TRIP  TWO  (BAR  HARBOR  AIRPORT) 


Jonesport  Harbor 
Pig  Island  Gut 
Beals  Harbor 
Corea  Harbor 

Bunker  Harbor  (Gouldsboro) 
Winter  Harbor 

Jonesport  Harbor 


(Figure  E-6) 
(Figure  E-7) 
(Figure  E-8) 
(Figure  E-9) 
(Figure  E-10) 
(Figure  E-ll) 


Deadhead  from  Base  at  Bar  Harbor 
Survey:  3,990' 

33.2  NM 
0.657  NM 

0.332  Hr. 
0.033  Hr. 

Pig  Island  Gut 

Deadhead  from  Jonesport 

Survey:  6,400' 

0.72  NM 
1.053  NM 

0.007  Hr. 
0.053  Hr. 

Beals  Harbor 

Deadhead  from  Pig  Island  Gut 

Survey:  3,000' 

0.72  NM 
0.494  NM 

0.007  Hr. 
0.025  Hr. 

Corea  Harbor 

Deadhead  from  Beals  Harbor 

Survey:  2,926' 

17.03  NM 
0.481  NM 

0.170  Hr. 
0.024  Hr. 

Bunker  Harbor 

Deadhead  from  Corea  Harbor 

Survey:  806' 

5.34  NM 
0.133  NM 

0.053  Hr. 
0.006  Hr. 

Winter  Harbor 

Deadhead  from  Bunker  Harbor 

Survey:  2,000' 

5.8  NM 
0.329  NM 

0.058  Hr. 
0.016  Hr. 

Deadhead  return  to  Bar  Harbor  Airport 

Short  stop  deadhead  allowance 

Total  deadhead 

Total  survey 

Total 

5.05  NM 
13.3  NM 
75.36  NM 
2.818  NM 
78.178  NM 

0.051  Hr. 
0.133  Hr. 
0.754  Hr. 
0.141  Hr. 
0.895  Hr. 
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TRIP  THREE 


This  is  a  series  of  seven  harbors  to  be  surveyed  from  a  helicopter  based  at  Bar 
Harbor  Airport.  These  harbors  include  Bar  Harbor,  Northeast  Harbor,  Bass  Harbor, 
Frenchboro  Harbor  (Long  Island),  Isle  Au  Haut,  Deer  Island  Thoroughfare  (Stonington) 
and  Union  River  (Ellsworth)  (Figures  E-12  through  E-18). 

The  GPS  station  for  these  surveys  will  be  located  at  Bass  Harbor,  ME.  UHF 
stations  will  be  located  at  Cadillac  Mountain,  Schoodic  Point  and  Sargcntville,  ME.  A 
total  of  five  automatic  tide  gauges  will  be  required  for  these  surveys,  plus  the  two 
manned  ground  vehicles. 

Because  there  are  numerous  stops  along  this  survey  route  this  analysis  allows  for 
helicopter  acceleration  and  deceleration  when  the  distance  from  one  harbor  to  the  next 
is  less  than  ten  nautical  miles.  This  allowance  consists  of  two  minutes  per  harbor  for  a 
total  of  0.30  hours. 

Scenario  Analysis 

The  helicopter  will  fly  from  Bar  Harbor  Airport  to  Bar  Harbor  (Figure  E-12),  a 
distance  of  7.94  nautical  miles  requiring  .079  hours.  The  survey  of  Bar  Harbor  will 
require  a  single  pass  of  2,510  feet  or  0.413  nautical  miles  requiring  0.021  hours. 

The  helicopter  will  proceed  from  Bar  Harbor  to  Northeast  Harbor  (Figure  E-13),  a 
distance  of  6.49  nautical  miles  requiring  0.065  hours.  The  survey  of  Northeast  Harbor 
requires  seven  passes  of  total  length  11,500  feet  or  1.89  nautical  miles  requiring  0.095 
hours. 

The  helicopter  will  then  fly  from  Northeast  Harbor  to  Bass  Harbor  (Figure  E-14), 
a  distance  of  4.04  nautical  miles  requiring  0.04  hours.  The  survey  of  Bass  Harbor 
requires  a  total  survey  length  of  4,742  feet  or  0.78  nautical  miles  requiring  0.039  hours. 
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The  helicopter  will  then  proceed  from  Bass  Harbor  to  Frenchboro  Harbor  off 
Long  Island  (Figure  E-15),  a  distance  of  7.50  nautical  miles  requiring  0.075  hours.  The 
survey  of  Frenchboro  Harbor  can  be  accomplished  in  two  passes  of  total  length  2,183 
feet,  or  0.359  nautical  miles,  requiring  0.018  hours. 

The  helicopter  will  then  fly  from  Frenchboro  Harbor  to  Isle  Au  Haut,  a  distance 
of  11.98  nautical  miles  requiring  0.12  hours.  The  survey  of  Isle  Au  Haut  Thoroughfare 
(Figure  E-16)  requires  a  single  pass  length  of  1,685  feet  or  0.277  nautical  miles  requiring 
0.014  hours. 

The  helicopter  will  proceed  from  Isle  Au  Haut  to  Deer  Island  Thoroughfare 
(Stonington,  Figure  E-17),  a  distance  of  6.93  nautical  miles  requiring  0.0693  hours.  The 
survey  will  require  a  single  pass  of  1,250  feet  or  0.206  nautical  miles  requiring  0.01 
hours. 

The  helicopter  will  proceed  from  Deer  Island  Thoroughfare  to  Union  River 
(Ellsworth,  Figure  E-18),  a  distance  of  25.3  nautical  miles  requiring  0.253  hours.  The 
total  survey  can  be  accomplished  in  a  single  pass  of  21,780  feet  or  3.58  nautical  miles 
requiring  0.179  hours. 

The  helicopter  will  then  return  to  Bar  Harbor  Airport,  a  distance  of  5.78  nautical 
miles  requiring  0.058  hours.  Deadhead  for  this  trip  is  0.893  hours;  survey  time  is  0.375 
hours  for  a  total  time  to  survey  of  1.268  hours  (Table  E-3). 
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Table  E-3 


(BAR  HARBOR  AIRPORT) 


Bar  Harbor 

Northeast  Harbor 

Bass  Harbor 

Frenchboro  Harbor  (Long  Island) 

Isle  Au  Haut 

Deer  Island  Thoroughfare 
(Stonington) 

Union  River  (Ellsworth) 

(Figure  E-12) 
(Figure  E-13) 
(Figure  E-14) 
(Figure  E-15) 
(Figure  E-16) 

(Figure  E-17) 
(Figure  E-18) 

Bar  Harbor 

Deadhead  from  Bar  Harbor  Airport 

Survey:  2,51  O' 

7.94  NM 
0.413  NM 

.079  Hr. 
0.021  Hr. 

Northeast  Harbor 

Deadhead  from  Bar  Harbor 

Survey:  11,500' 

6.49  NM 

1.89  NM 

0.065  Hr. 
0.095  Hr. 

Bass  Harbor 

Deadhead  from  Northeast  Harbor 

Survey:  4,742' 

4.04  NM 

0.78  NM 

0.04  Hr. 
0.039  Hr. 

Frenchboro  Harbor 

Deadhead  from  Bass  Harbor 

Survey:  2,183' 

7.50  NM 
0.359  NM 

0.075  Hr. 
0.018  Hr. 

Isle  au  Kaut 

Deadhead  from  Frenchboro  Harbor 

Survey:  1,685' 

11.98  NM 
0.277  NM 

0.12  Hr. 
0.014  Hr. 

Deer  Island  Thoroughfare 

Deadhead  from  Isle  Au  Haut 

Survey:  1,250' 

6.93  NM 
0.206  NM 

0.069  Hr. 
0.010  Hr. 

Union  River 

Deadhead  from  Deer  Island  Thoroughfare 
Survey:  21,780' 

25.3  NM 

3.58  NM 

0.253  Hr. 
0.179  Hr. 

Deadhead  return  to  Bar  Harbor  Airport 

Short  stop  deadhead  allowance 

Total  deadhead 

Total  survey 

Total 

5.78  NM 

11-33  NM 
89.29  NM 
7.51  NM 
96.80  NM 

0.058  Hr. 
0.133  Hr. 
0.893  Hr. 
0.375  Hr. 
1.268  Hr. 
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TRIP  FOUR 


This  is  a  series  of  seven  harbors  surveyed  from  a  helicopter  base  at  Rockland 
Airport.  The  harbors  to  be  surveyed  are:  Stockton  Harbor,  Searsport  Harbor,  Belfast 
Harbor,  Camden  Harbor,  Carvers  Harbor  (Vinalhaven),  Owls  Head  Harbor,  and  George 
River  (Thomaston).  (Figures  E-19  to  E-25).  The  GPS  station  for  these  surveys  is  located 
in  Rockland.  UHF  stations  will  be  located  at  Seargentville  and  Rockport,  ME.  A  total  of 
seven  automatic  tide  gauges  will  be  required  for  these  surveys. 

Scenario  Analysis 

The  helicopter  will  proceed  from  Rockland  Airport  to  Stockton  Harbor  (Figure  E- 
19),  a  distance  of  27.13  nautical  miles  requiring  0.271  hours.  The  survey  of  Stockton 
Harbor  can  be  accomplished  in  a  single  pass  of  length  4,200  feet  or  0.69  nautical  miles 
requiring  0.035  hours. 

The  helicopter  will  fly  from  Stockton  to  Searsport  Harbor  (Figure  E-20),  a  dis¬ 
tance  of  6.06  nautical  miles,  requiring  0.061  hours.  The  survey  of  Searsport  Harbor  can 
be  accomplished  in  six  passes  of  total  length  18,161  feet  or  2.99  nautical  miles  requiring 
0.149  hours. 

The  helicopter  will  proceed  from  Searsport  to  Belfast  Harbor  (Figure  E-21),  a 
distance  of  4.33  nautical  miles  requiring  0.043  hours.  The  survey  of  Belfast  Harbor  will 
require  six  passes  of  total  length  5,614  feet  or  0.92  nautical  miles  requiring  0.046  hours. 

The  helicopter  will  proceed  from  Belfast  to  Camden  Harbor  (Figure  E-23),  a 
distance  of  12.3  nautical  miles  requiring  0.123  hours.  The  survey  of  Camden  Harbor  can 
be  accomplished  in  three  passes  of  total  length  7,802  feet  or  1.28  nautical  miles  requiring 
0.064  hours. 

The  helicopter  will  proceed  from  Camden  to  Carvers  Harbor,  on  Vinalhaven 
Island  (Figure  E-23),  a  distance  of  14.43  nautical  miles  requiring  0.144  hours.  The  survey 
will  require  seven  passes  of  total  length  10,234  feet  or  1.68  nautical  miles  requiring  0.084 
hours. 
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The  helicopter  will  fly  from  Carvers  Harbor  to  Owls  Head  Harbor  (Figure  E-24), 
a  distance  of  10.25  nautical  miles  requiring  0.103  hours.  The  survey  of  Owls  Head 
Harbor  requires  two  passes  of  total  length  1,523  feet  or  0.25  nautical  miles  requiring 
0.013  hours.  The  helicopter  will  fly  from  Owls  Head  Harbor  to  George's  River  (Thomas- 
ton)  (Figure  E-25),  a  distance  of  5.48  nautical  miles  requiring  0.055  hours.  The  survey  of 
George's  River  can  be  accomplished  in  a  single  pass  of  total  length  4,617  feet  or  0.76 
nautical  miles  requiring  0.038  hours. 

Since  there  are  a  number  of  short  stops  in  this  survey  group,  allowance  has  been 
made  for  acceleration  and  deceleration  of  two  minutes  for  each  harbor  which  is  less  than 
ten  nautical  miles  from  the  preceding  harbor.  This  amounts  to  an  additional  deadhead 
of  0.10  hours.  The  helicopter  will  return  from  George's  River  to  Rockland  Airport,  a 
distance  of  3.32  nautical  miles  requiring  0.033  hours.  Total  deadhead  required  for  this 
survey  collection  is  0.933  hours.  Total  surveying  time  for  this  collection  is  0.429  hours 
for  a  total  time  of  1.362  hours  (Table  E-4). 
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Table  E-4 


MAINE  HARBOR  SURVEY  TRIP  FOUR  (ROCKLAND  AIRPORT) 


Stockton  Harbor 

Searsport  Harbor 

Belfast  Harbor 

Camden  Harbor 

Carver's  Harbor  (Vinalhaven) 

Owls  Head  Harbor 

George's  River  (Thomaston) 


(Figure  E-19) 
(Figure  E-20) 
(Figure  E-21) 
(Figure  E-22) 
(Figure  E-23) 
(Figure  E-24) 
(Figure  E-25) 


Stockton  Harbor 


Deadhead  from  Rockland  Airport 
Survey:  4,200' 

27.13  NM 
0.69  NM 

0.271  Hr. 
0.035  Hr. 

Searsport  Harbor 

Deadhead  from  Stockton 

Survey:  18,161' 

6.06  NM 
2.99  NM 

0.061  Hr. 
0.149  Hr. 

Belfast  Harbor 

Deadhead  from  Searsport 

Survey:  5,614' 

4.33  NM 
0.92  NM 

0.043  Hr. 
0.046  Hr. 

Camden  Harbor 

Deadhead  from  Belfast 

Survey:  7,802' 

12.3  NM 
1.28  NM 

0.123  Hr. 
0.064  Hr. 

Carver's  Harbor  (Vinalhaven) 

Deadhead  from  Camden 

Survey:  10,234' 

14.43  NM 
1.68  NM 

0.144  Hr. 
0.084  Hr. 

Owls  Head  Harbor 

Deadhead  from  Carver's  Harbor 
Survey:  1,523' 

10.25  NM 
0.25  NM 

0.103  Hr. 
0.013  Hr. 

George's  River 

Deadhead  from  Owls  Head 

Survey:  4,617' 

5.48  NM 
0.76  NM 

0.055  Hr. 
0.038  Hr. 

Deadhead  return  to  Rockland  Airport 

Short  stop  deadhead  allowance 

Total  deadhead 

Total  survey 

Total 

3.32  NM 
1M-NM 
93.3  NM 

101.87  NM 

0.033  Hr. 
0.100  Hr. 
0.933  Hr. 
0.429  Hr. 
1.362  Hr. 
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TRIP  FIVE 

This  is  a  series  of  seven  harbors  surveyed  from  a  helicopter  base  at  Rockland 
Airport.  The  harbors  to  be  surveyed  are:  New  Harbor  (Bristol),  East  Boothbay  Harbor, 
Boothbay  Harbor  and  Hendricks  Harbor  (Southport),  Kennebec  River,  Cathance  River 
(Bath),  and  Harraseeket  River  (Freeport)  (Figures  E-26  through  E-32).  The  GPS  station 
for  these  surveys  will  be  located  in  Richmond,  ME.  UHF  stations  will  be  located  at 
Pemaquid  and  Damariscotta,  ME.  A  total  of  five  automatic  tide  gauges  plus  the  two 
manned  vehicles  will  be  required  for  these  surveys. 

Scenario  Analysis 

The  helicopter  will  proceed  from  Rockland  Airport  to  New  Harbor  (Figure  E-26), 
a  distance  of  20.5  nautical  miles  requiring  0.205  hours.  The  total  survey  length  of  this 
harbor  is  3,422  feet  or  0.563  nautical  miles  requiring  0.028  hours.  Because  the  harbor  is 
divided  into  two  pieces  there  is  an  internal  deadhead  of  7 00  feet  or  0.115  nautical  miles 
requiring  0.006  hours.  The  ground  station  for  this  survey  is  Boothbay.  The  helicopter 
will  fly  from  New  Harbor  to  East  Boothbay  Harbor  (Figure  E-27),  a  distance  of  4.62 
nautical  miles  requiring  0.046  hours.  The  survey  of  East  Boothbay  Harbor  can  be 
accomplished  in  a  single  pass  of  1,000  feet  or  0.165  nautical  miles  requiring  0.008  hours. 

The  helicopter  will  fly  from  East  Boothbay  to  Boothbay  Harbor  (Figure  E-28),  a 
distance  of  1.44  nautical  miles  requiring  0.014  hours.  The  survey  of  Boothbay  Harbor  is 
flown  in  two  passes  of  total  length  2,448  feet  or  0.402  nautical  miles  requiring  0.02  hours. 

The  helicopter  will  fly  from  Boothbay  Harbor  to  Hendricks  Harbor  (Figure  E-24), 
a  distance  of  2.89  nautical  miles  requiring  0.023  hours.  The  survey  of  Hendricks  Harbor 
can  be  accomplished  in  a  single  pass  of  length  300  feet  or  0.049  nautical  miles  requiring 
0.002  hours. 
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The  helicopter  will  proceed  from  that  point  to  the  beginning  of  the  Kennebec 
River  in  the  town  of  Augusta  (Figure  E-30),  a  distance  of  30.0  nautical  miles  requiring 
0.30  hours.  Survey  of  the  Kennebec  River  will  proceed  south  for  a  distance  of  45.07 
nautical  miles  requiring  2.254  hours.  The  survey  can  be  accomplished  in  a  single  pass 
with  the  exception  of  both  channels  around  Swan  Island  requiring  a  complete  circuit  of 
that  island  and  deadhead  from  the  north  end  of  the  island  to  the  south.  This  results  in 
an  internal  deadhead  at  Swan  Island  of  3.75  nautical  miles  or  0.038  hours.  Ground  sta¬ 
tions  for  this  survey  are  required  at  two  points,  Maine  Route  24  at  milepost  31  and 
Maine  Route  209  opposite  Lee  Island  at  milepost  7.  At  the  point  where  the  Kennebec 
River  reaches  Merrymeeting  Bay,  approximately  3  miles  north  of  the  city  of  Bath,  the 
helicopter  will  deviate  to  survey  the  Cathance  River  directly  adjacent  to  the  Kennebec 
River  (Figure  E-^l).  This  results  in  a  survey  length  of  14,832  feet  or  2.44  nautical  miles 
for  a  survey  time  of  0.122  hours.  An  internal  deadhead  is  required  at  this  point  to 
return  from  the  Cathance  River  to  the  Kennebec  River  which  is  a  distance  of  2.16  nauti¬ 
cal  miles  or  0.022  hours. 

The  helicopter  will  pause  to  refuel  when  it  reaches  the  town  of  Bath,  ME  along 
the  Kennebec  River.  It  will  fly  deadhead  roundtrip  to  Augusta  Airport  for  this  purpose, 
for  a  total  distance  of  50.5  miles  requiring  0.505  hours  plus  refueling  time. 

The  helicopter  will  proceed  from  the  mouth  of  the  Kennebec  River  to  the 
1  larraseeket  River  (Figure  E-32),  distance  of  15.15  nautical  miles  requiring  0.152  hours. 
The  Harraseeket  River  may  be  surveyed  in  a  single  pass  of  length  4,121  feet  or  0.678 
nautical  miles  requiring  0.034  hours. 

Because  there  are  numerous  stops  in  this  survey,  a  two  minute  acceleration/ 
deceleration  allowance  has  been  made  for  each  harbor  which  is  less  than  10  nautical 
miles  from  the  preceding  harbor.  This  results  in  an  additional  short  stop  deadhead 
allowance  of  0.133  hours.  At  this  point  the  helicopter  will  deadhead  to  the  base  at  Port- 
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land  Airport,  a  distance  of  34.63  nautical  miles  requiring  0.346  hours.  Total  deadhead 
for  this  survey  is  1.791  hours,  total  survey  time  is  2.468  hours  for  a  total  time  of  4.259 
hours  (Table  E-5). 
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Table  E-5 


MAINE  HARBOR  SURVEY  TRIP  FIVE  (ROCKLAND  AIRPORT) 


New  Harbor  (Bristol) 

East  Boothbay  Harbor 
Boothbay  Harbor 
Hendricks  Harbor  (Southport) 
Kennebec  River 
Cathance  River  (Bath) 
Harraseeket  River  (Freeport) 


(Figure  E-26) 
(Figure  E-27) 
(Figure  E-28) 
(Figure  E-29) 
(Figure  E-30) 
(Figure  E-31) 
(Figure  E-32) 


New  Harbor 


Deadhead  from  Rockland  Airport 

Survey:  3,422' 

Internal  deadhead:  700' 

20.5  NM 
0.563  NM 
0.115  NM 

0.205  Hr. 
0.028  Hr. 
0.006  Hr. 

East  Boothbay  Harbor 

Deadhead  from  New  Harbor 

Survey:  1,000' 

4.62  NM 
0.165  NM 

0.046  Hr. 
0.008  Hr. 

Boothbay  Harbor 

Deadhead  from  East  Boothbay 

Survey:  2,448' 

1.44  NM 
0.402  NM 

0.014  Hr. 
0.02  Hr. 

Hendricks  Harbor 

Deadhead  from  Boothbay  Harbor 

Survey:  300' 

2.89  NM 
0.049  NM 

0.023  Hr. 
0.002  Hr. 

Kennebec  River 

Deadhead  from  Hendricks  Harbor 

Survey:  237,970' 

Internal  deadhead  at  Swan 

Island  22,784' 

Refuel  at  Augusta  Airport  when 
survey  reaches  Bath,  ME 
rounatrip  deadhead  to  Augusta: 

30  NM 
45.07  NM 

3.75  NM 

50.5  NM 

0.30  Hr. 
2.254  Hr. 

0.038  Hr. 

0.505  Hr. 

Cathance  River 

Surveyed  in  middle  of  Kennebeck  survey 
above 

Survey:  14,832' 

Internal  deadhead:  13,147' 

2.44  NM 
2.16  NM 

0.122  Hr. 
0.22  Hr. 
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Table  E-5  (Continued) 


Harraseeket  River 


Deadhead  from  mouth  of  Kennebec 
River 

Survey:  4,121' 


15.15  NM  0.152  Hr. 
0.678  NM  0.034  Hr. 


Deadhead  to  base  at  Portland 
Short  stop  deadhead  allowance 
Total  deadhead 
Total  survey 
Total 


34.63  NM  0.346 
13.33  NM  0.133 
179.09  NM  1.791 
49.37  NM  2.468 
228.46  NM  4.259 
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TRIP  SIX 


This  is  a  series  of  five  harbors  to  be  surveyed  from  a  helicopter  based  at  Portland 
Airport.  The  harbors  to  be  surveyed  are:  Scarborough  River,  Cape  Porpoise  (Kenne- 
bunkport),  Kennebunk  River,  Josias  River  (Ogunquit)  and  York  Harbor.  (Figures  E-33 
through  E-37.) 

Scenario  Analysis 

The  helicopter  will  begin  at  Portland  Airport  and  proceed  from  that  point  to  the 
Scarborough  River  (Figure  E-33),  a  distance  of  4.33  nautical  miles  requiring  0.043  hours. 
The  survey  of  the  Scarborough  River  can  be  accomplished  in  two  passes  of  total  length 
7,910  feet  or  1.30  nautical  miles  requiring  0.065  hours. 

The  helicopter  will  deadhead  from  Scarborough  River  to  Cape  Porpoise  (Kenne- 
bunkport  Beach,  Figure  E-34),  a  distance  of  16.59  nautical  miles  requiring  0.166  hours. 
The  survey  of  Cape  Porpoise  can  be  accomplished  in  a  single  pass  of  length  4,718  feet  or 
0.776  nautical  miles  requiring  0.039  hours. 

The  helicopter  will  deadhead  from  Cape  Porpoise  to  the  Kennebunk  River 
(Figure  E-35),  a  distance  of  2.89  nautical  miles  requiring  0.029  hours.  The  survey  of  the 
Kennebunk  River  can  be  accomplished  in  a  single  pass  of  length  6,000  feet  or  0.987 
nautical  miles  requiring  0.049  hours. 

The  helicopter  will  proceed  from  the  Kennebunk  River  to  Josias  River  (Figure  E- 
36),  a  distance  of  6.49  nautical  miles  requiring  0.065  hours.  The  survey  of  the  Josias 
River  can  be  accomplished  in  a  single  pass  of  length  1,571  feet  or  0.259  nautical  miles 
requiring  0.013  hours. 

The  helicopter  will  proceed  from  Josias  River  to  York  Harbor  (Figure  E-37),  a 

f 

distance  of  7.50  nautical  miles  requiring  0.075  hours.  The  survey  of  York  Harbor  will 
require  a  survey  of  4,147  feet  or  0.683  nautical  miles  requiring  0.034  hours. 
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Because  there  are  numerous  stops  in  this  survey,  a  two  minute  acceleration/ 
deceleration  allowance  has  been  made  for  each  harbor  which  is  less  than  10  nautical 
miles  from  the  preceding  harbor.  This  results  in  an  additional  short  stop  deadhead 
allowance  of  0.133  hours.  At  this  point  the  helicopter  will  deadhead  to  the  base  at  Port¬ 
land  Airport,  a  distance  of  34.63  nautical  miles  requiring  0.346  hours.  Total  deadhead 
for  this  survey  is  0.857  hours,  total  survey  time  is  0.201  hours  for  a  total  time  of  1 .058 
hours  (Table  E-6). 


Figure  E-35 
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Table  E-6 


MAINE  HARBOR  SURVEY  TRIP  SIX  (PORTLAND  AIRPORT1 


Scarborough  River 
Cape  Porpoise  (Kennebunkport) 
Kennebunk  River 
Josias  River  (Ogunquit) 

York  Harbor 


(Figure  E-33) 
(Figure  E-34) 
(Figure  E-35) 
(Figure  E-36) 
(Figure  E-37) 


Scarborough  River 


Deadhead  from  Portland  Airportl 
Survey:  7,910' 

4.33  NM 
1.30  NM 

0.043  Hr. 
0.065  Hr. 

Cape  Porpoise 

Deadhead  from  Scarborough  River 
Survey:  4,718' 

16.59  NM 
0.776  NM 

0.166  Hr. 
0.039  Hr. 

Kennebunk  River 

Deadhead  from  Cape  Porpoise 

Survey:  6,000f 

2.89  NM 
0.987  NM 

0.029  Hr. 
0.049  Hr. 

Josias  River 

Deadhead  from  Kennebunk  River 
Survey:  1,571' 

6.49  NM 
0.259  NM 

0.065  Hr. 
0.013  Hr. 

York  Harbor 

Deadhead  from  Josias  River 

Survey:  4,147' 

7.50  NM 
0.683  NM 

0.075  Hr. 
0.034  Hr. 

Deadhead  to  base  at  Portland 

Short  stop  deadhead  allowance 

Total  deadhead 

Total  survey 

Total 

34.63  NM 
13.3  NM 

85.73  NM 
4.01  NM 

89.74  NM 

0.346  Hr. 
0.133  Hr. 
0.857  Hr. 
0.201  Hr. 
1.058  Hr. 
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Mission  Costs 


The  total  survey  nautical  miles  for  this  mission  are  82.5,  taking  the  helicopter  4.12 
hours,  while  the  deadhead  nautical  miles  are  705.1,  taking  the  helicopter  7.05  hours. 

The  expected  conventional  cost  for  this  scenario  is  $111,010  (Table  E-7).  The  HLBS 
would  be  used  for  seven  days.  This  includes  four  days  of  ferry  and  set  up  and  three 
days  of  surveying  as  shown  in  Table  E-8.  The  total  cost  per  mission  is  $49,025,  which 
consists  of  helicopter  cost  of  $40,404,  laser  crew  cost  of  $2,295;  and  other  costs  as  shown 
in  the  table.  The  operating  cost  per  hour  for  this  scenario  has  been  calculated  to  be 
$4,338  as  shown  in  Table  E-9.  Table  E-9  also  shows  operating  costs  per  square  nautical 
mile  of  $12,403. 


Table  E-7 


Project  Description  of  Maine  Mission 


| - Conventional  —  | 

1 . 

- HLBS . 

. 1 

Cost 

Survey  Expected 

---Nautical 

Mi les--- 

Survey 

Extra 

Survey  Deadbeat 

PROJECTS 

(*000) 

Freq 

Cost 

Survey 

Deadhead 

Days 

! 

I 

(Hours) 

(Hours) 

A- -Bucks  Hbr,  Machias  River 
A--Eastport,  Lubec,  St  Croix 

20.3 

1.00 

*20,270 

10.172 

182.3 

0.5 

0.5 

0.51 

1.82 

8- -Corea,  Bunker,  Winter 

B--Jnsprt,  Pig  Isle  Gut,  Beals 

13.9 

1.00 

*13,930 

2.818 

75.360 

0.5 

0.14 

0.75 

C--Bar,Deer  Isle, Union, Frenchboro 
C-'Isle  Au  Haut, Northeast, Bass 

18.1 

1.00 

*18,050 

7.510 

89.290 

0.5 

0.38 

0.89 

0--Carvrs,  Owl  sNead, Georgs, Stocktn 

0 -- Sear sport , Be l fast , Camden 

22.8 

1.00 

*22,830 

8.570 

93.300 

0.5 

0.43 

0.93 

E - -Cathance,  Harraseeket , Kennebec 
E--New,  East  Boothbay,  Hendricks 

12.18 

1.00 

*12, 180 

49.37 

179.09 

0.5 

2.47 

1.79 

F--Kemetounk,  Josias,  York 

F- -Scarborough,  Cape  Porp 

23.8 

1.00 

*23,750 

4.01 

85.73 

0.5 

0.5 

0.20 

0.86 

Totals 

*111 

*111,010 

82.5 

705.1 

3.0 

1.0 

4.1 

7.1 
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Table  E-8 


Maine  OPERATING  COSTS  PER  MISSION 


HELICOPTER  COSTS  Assunptio ns  Mission  Totals 


Helicopter  Lease  Cost  (Fixed) 
Helicopter  Lease  Cost  (S/Flt.Hr) 
Helicopter  Ferry  S  Set  Up  (Days) 
Helicopter  Ferry  Flight  Hours  (RT) 
Number  of  Mission  Days--Hlcptr  Crew 
Helicopter  Mission  Flight  Hours 

Travel  &  Per  Diem  (Per  Prsn/Oay) 

S3 ,000 

$660 

4 

16.00 

3 

11.2 

170 

$12,000 

$10,560 

$9,000 

$7,374 

$1,470 

Total  Helicopter  Costs 

$40,404 

LASER  CREU  COSTS 

Number  of  Mission  Days- -Laser  Crew 

3 

Tech  Laser  Crew  (Nmbr  &  Avg  Price) 

2  $31 2. 5 

$1,875 

Travel  &  Per  Diem  (Per  Prsn/Day) 

$70 

$420 

Total  Laser  Crew  Cost 

$2,295 

OTHER  COSTS 


Neither  of  Mission  Days- -Ground  Crew 

4 

Ground  Crew  (Nmbr  &  Avg  Price) 

2  $275 

$2,200 

Travel  X  Per  Diem  (Per  Prsn/Day) 

$70 

$560 

Ground  Transportation 

$50 

$400 

Number  of  Survey  Hours 

4.12 

Post  Processing  (Technician  S/Hr) 

$38 

$1,546 

Efficiency  Factor 

(X  Helicopter  Flight,  Laser  Crew 

15.  OX 

$1,619 

Total  Other  Costs 

$6,325 

TOTAL  OPERATING  COSTS  PI  R  MISSION 

$49,025 
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Table  E-9 


Maine 


UNIT  OPERATING  COST  (per  hour) 

Operating  Costs  per  Mission 

*49,025 

Helicopter  Mission  Flight  Hours 

11.2 

Unit  Operating  Cost  ($/Hrs) 

*4,388 

UNIT  OPERATING  COST  (per  Square  Nautical 

Mile) 

Operating  Costs  per  Mission 

*49,025 

Number  of  Survey  Hours 

4.12 

Coverage  Rate  (Sq  N  Miles/Hr) 

0.99 

4.1 

Unit  Operating  Cost  (*/S.N.M.) 

*12,043 

SQUARE  AREA  SURVEYED 


Nautical  Miles 

4.07 

Ki lometers 

7.54 
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Appendix  F 

NEW  TERSEY  INTRACOASTAL  WATERWAY 


The  survey  of  the  New  Jersey  Intracoastal  Waterway  will  begin  where  the 
Delaware  Bay  meets  the  Cape  May  Canal  and  will  proceed  along  the  Intracoastal 
Waterway  for  122  nautical  miles  north  to  Atlantic  Highlands. 

Scenario  Analysis 

The  surveying  will  take  one  day,  the  set-up  will  take  one-half  day,  and  the  take 
down  will  take  one-half  day.  There  will  be  five  UHF  trisponders  stationed  at  Fortescue, 
Egg  Harbor  City,  Browns  Mills,  Hazlet  and  CGAS  (Coast  Guard  Air  Station)  Brooklyn 
Heliport.  The  GPS  Station  will  be  located  at  Browns  Mills.  The  UHF  trisponders  will  be 
set  up  one-half  day  before  surveying.  One  team  will  set  up  the  trisponders  at  Fortescue 
and  Egg  Harbor  City;  the  other  team  will  set  up  the  trisponders  at  Browns  Mills,  Hazlet 
and  the  CGAS  Brooklyn  Heliport  (Figure  F-l). 

The  helicopter  will  make  three  trips,  and  have  refuelings  at  the  Atlantic  City 
Airport  in  Bakersfield  and  the  Toms  River  Airport  in  Toms  River. 

On  Trip  One  the  helicopter  will  fly  deadhead  at  100  knots  from  the  Atlantic  City 
Airport  at  Bakers  Field  to  the  beginning  of  the  New  Jersey  Intracoastal  Waterway  at  the 
Delaware  Bay.  This  is  approximately  37.45  nautical  miles  and  will  take  .375  hours.  At 
this  point,  the  helicopter  will  begin  surveying  at  20  knots.  It  will  follow  the  Intracoastal 
Waterway  from  the  beginning  of  the  Cape  May  Canal  to  the  Cape  May  Inlet.  It  will 
then  survey  up  the  Jersey  coast  along  the  Intracoastal  Waterway  until  it  reaches  Atlantic 
City  Airport  at  Bakersfield.  This  is  approximately  37.45  nautical  miles  and  will  take 
1.837  hours.  The  helicopter  will  then  refuel  at  the  Atlantic  City  Airport  in  Bakersfield. 
The  total  survey  miles  for  Trip  One  are  37.45  nautical  miles.  The  total  hours  for  Trip 
One  are  2.248  hours. 


F-1 


On  Trip  Two  the  helicopter  will  continue  surveying  the  New  Jersey  Intracoastal 
Waterway  from  the  Atlantic  City  Airport  at  Bakersfield  along  the  Jersey  Coast  to 
Seaside  Heights.  This  is  approximately  44.94  nautical  miles  and  will  take  2.247  hours. 
The  helicopter  will  then  fly  deadhead  at  100  knots  to  Toms  River  Airport  to  refuel.  This 
is  approximately  5.24  nautical  miles  and  will  take  .052  hours.  Total  survey  miles  for 
Trip  Two  are  44.94  nautical  miles.  Total  hours  for  Trip  Two  are  2.299  hours. 

On  Trip  Three  the  helicopter  will  fly  deadhead  at  100  knots  from  Toms  River 
Airport  to  Seaside  Heights.  This  is  approximately  5.24  nautical  miles  and  will  take  .052 
hours.  The  helicopter  will  then  continue  surveying  from  Seaside  Heights,  the  New 
Jersey  Intracoastal  Waterway  up  into  the  beginning  of  the  New  York  Intracoastal 
Waterway.  This  is  approximatley  39.32  nautical  miles  and  will  take  1.966  hours.  The 
helicopter  will  then  fly  deadhead  at  100  knots  from  the  beginning  of  the  New  York 
Intracoastal  Waterway  to  the  CGAS  Brooklyn  Heliport.  This  is  approximately  7.49 
nautical  miles  and  will  take  .075  hours.  Total  survey  miles  for  Trip  Three  are  1.966 
miles.  Total  hours  for  Trip  Three  are  2.093  hours  (Table  F-l). 

When  the  UHF  trisponders  are  no  longer  needed,  the  first  team  will  take  down 
the  trisponders  at  Fortescue  and  Egg  Harbor  City.  The  second  team  will  take  down  the 
trisponders  at  Browns  Mills  and  Hazlet.  The  fifth  trisponder  will  be  picked  up  by  the 
helicopter  at  the  CGAS  Brooklyn  Heliport. 

Mission  Costs 

The  total  survey  nautical  miles  for  this  mission  are  121.7,  taking  the  helicopter 
6.09  hours,  while  the  deadhead  nautical  miles  are  55.4,  taking  the  helicopter  .55  hours. 
The  expected  conventional  cost  for  this  scenario  is  $150,000  (Table  F-2).  The  HLBS 
would  be  used  for  five  days.  This  includes  four  days  of  ferry  and  set  up  and  one  day  of 
surveying  as  shown  in  Table  F-3.  The  total  cost  per  mission  is  $36,138,  which  consists  of 
helicopter  cost  of  $30,992,  laser  crew  cost  of  $765;  and  other  costs  as  shown  in  the  table. 
The  operating  cost  per  hour  for  this  scenario  has  been  calculated  to  be  $5,470  as  shown 
in  Table  F-4.  Table  F-4  also  shows  operating  costs  per  square  nautical  mile  of  $6,004. 
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mission  is  $36,138,  which  consists  of  helicopter  cost  of  $30,992,  laser  crew  cost  of  $765; 
and  other  costs  as  shown  in  the  table.  The  operating  cost  per  hour  for  this 
scenario  has  been  calculated  to  be  $5,470  as  shown  in  Table  F-4.  Table  F-4  also  shows 
operating  costs  per  square  nautical  mile  of  $6,004. 
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Table  F-l 


HELICOPTER  FLIGHT 


Total  Hrs. 
Between 

Hours  Refueling  NM 


Trip  One 

1)  Deadhead  100  Knots 

From:  Atlantic  City  Airport/ 

Bakers  Field 

To:  Beginning  of  N]  at 

Delaware  Bay  .375  .375  37.45 

2)  Surveying  20  Knots 

From:  Beginning  of  NJ 
at  Delaware  Bay 

To:  Atlantic  City  1.873  2.248  37.45 

3)  Deadhead  100  Knots 

From:  Atlantic  City 

To:  Atlantic  City  Airport/ 

Bakers  Field,  Refuel  0  2.248  0 


Trip  Two 

1)  Surveying  20  Knots 

From:  Atlantic  City  Airport/' 

Bakers  Field 

To:  Seaside  Heights  2.247  2.247  44.94 

2)  Deadhead  100  Knots 

From:  Seaside  Heights 
To:  Toms  River  Airport, 

Refuel  .052  2.299  5.24 


Total 

Survey 

Miles 


0 


37.45 


37.45 


44.94 


44.94 
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Table  F-l  (Continued) 
HELICOPTER  FLIGHT 


Hours 

Total  Hrs. 
Between 
Refueling 

NM 

Total 

Survey 

Miles 

Trip  3 

1)  Deadhead  100  Knots 

From:  Toms  River  Airport 

To:  Seaside  Heights 

.052 

.052 

5.24 

0 

2)  Surveying  20  Knots 

From:  Seaside  Heights 

To:  NY 

1.966 

2.018 

39.32 

39.32 

3)  Deadhead  100  Knots 

From:  NY 

To:  CGAS  Brooklyn  Heliport 

.075 

2.093 

7.49 

39.32 
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Table  F-2 


Project  Description  of  Neu  Jersey  Mission 


PROJECTS 
NJ- 1UU 


(- - Convent  i  ona  l  —  | 

Cost  Survey  Expected 
($000)  Freq  Cost 
150.0  1.00  *150,000 


| . . . . HIBS . | 

--Nautical  Miles — Survey  Extra  Survey  Deadhead 
Survey  Deadhead  Days  Qrnd  Days  (Hours)  (Hours) 

121.710  55.420  1  0.5  6.09  0.55 


Totals 


*150 


*150,000 


121.7 


55.4 


1.0 


0.5 


6.1 


0.6 
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Table  F-3 


New  Jersey 


OPERATING  COSTS  PER  MISSION 


HELICOPTER  COSTS  Assumptions  Mission  Totals 


Helicopter  Lease  Cost  (Fixed) 

*3,000 

Helicopter  Lease  Cost  (S/Flt-Hr) 

*660 

Helicopter  ferry  &  Set  Up  (Days) 

4 

*12,000 

Helicopter  Ferry  Flight  Hours  (RT) 

16.00 

*10,560 

Nunber  of  Mission  Oays--Hlcptr  Crew 

1 

*3,000 

Helicopter  Mission  Flight  Hours 

6.6 

*4,382 

Travel  &  Per  Diem  (Per  Prsn/Day) 

*70 

*1,050 

Total  Helicopter  Costs 

*30,992 

LASER  CREW  COSTS 

Number  of  Mission  Oays--laser  Crew 

1 

Tech  Laser  Crew  (Nmbr  &  Avg  Price) 

2  *312.5 

*625 

Travel  &  Per  Diem  (Per  Prsn/Day) 

*70 

*140 

Total  Laser  Crew  Cost 

*765 

OTHER  COSTS 

Number  of  Mission  Days--Ground  Crew 

1.5 

Ground  Crew  (Nmbr  &  Avg  Price) 

2  *275 

*825 

Travel  A  Per  Diem  (Per  Prsn/Day) 

*70 

*210 

Ground  Transportation 

*50 

*150 

Number  of  Survey  Hours 

6.09 

Post  Processing  (Technician  $/Hr) 

*38 

*2,282 

Efficiency  Factor 

(X  Helicopter  Flight,  laser  Crew 

15. OX 

*1.093 

Total  Other  Costs 

*4,560 

TOTAL  OPERATING  COSTS  PER  MISSION  *36,318 
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Table  F- 4 


Now  Jersey 


UNIT  OPERATING  COST  (per  hour) 
Operating  Costs  per  Mission 
Helicopter  Mission  Flight  Hours 
Unit  Operating  Cost  (S/Hrs) 


*36,318 

6.6 


*5.470 
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